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the project information as well as review the document. Dr. Rene Tshiteya, Director, Planning
and Analysis Center, assisted in reviewing and providing guidance as needed on the project.
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|. Introduction and How to Use This Report

A. Introduction

Since the oil shortage during the late 1970s, the United States has imported more than $50
billion of oil annually, or 52% of its demand. Two-thirds of U.S. refineries have closed. Air
pollution remains a threat to human health. Climate change has surfaced as a global concern
requiring legally binding solutions. The U.S. farm economy continues to struggle for sovereignty.

For these reasons, the U.S. Department of Energy (DOE) Office of Fuels Development began
evaluating the potential of various alternative fuels, including biodiesel, as replacement fuels for
traditional transportation fuels. Biodiesel is derived from a variety of biological materials from
waste vegetable grease to soybean oil. This alkyl ester could be used as a replacement, blend,
or additive to diesel fuel.

This document, funded by DOE, is a comprehensive summary of relevant biodiesel and
biodiesel-related research, development, demonstration, and commercialization projects
completed and/or started in the United States between 1992 and 1997. This document was
designed for use as a reference tool to those evaluating biodiesel’s potential as a clean-burning
alternative motor fuel. It encompasses federally, academically, and privately funded projects.

DOE chose to review the past 5 years of research for the following three reasons. Research
before 1992 revolved largely around vegetable oil, rather than esterified oil, as a direct
replacement for diesel fuel. Further, alkyl ester research and development in the United States
began with the formation of the National SoyDiesel Development Board (now called the National
Biodiesel Board [NBB]) in 1992. More importantly, DOE anticipates that this compilation will
serve as a foundation for the evolution of a 5-year strategy for biodiesel development and
improve coordination for future research.

B. How to Use This Report

This report is a summary of biodiesel research completed from 1992 through 1997. To help the
readers access the information included in this summary document, we have organized the
subject matter by a number of search mechanisms.

The Table of Contents is the best place to begin. It contains headings and page numbers for all
projects included in the report. Additional information on projects, papers, or sponsoring
organizations can be found in the indexes. The indexes are broken down into three categories
by Project Title, Paper Title, or Sponsoring Organization.

For information on a specific topic, begin by searching the Table of Contents. The projects are
divided into sections and subsections. However, be aware that some projects may fall into more
than one category. To find a project that fits into this classification, go to the lead page of that
section or subsection for a list of papers that have been cross-referenced to that category.

The index section is helpful if the name or approximate name of the project or paper is known.
Although paper and project titles are often similar, both indexes should be checked in case the
larger project has a different name than its primary paper.
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The indexes are user friendly and very helpful for those with limited time. However, there is no
substitute for taking the time to “thumb” through the entire document. The information included
in this report is just a taste of the vast array of interesting work being done in the field.

As the authors sought input to this report, they were amazed by the sheer volume of projects in
the area of biodiesel, with more than 350 projects identified. In earlier stages, the document was
organized by project sponsors, but with the recommendation of NBB, the authors decided to
organize it by topic to make it more useful to the reader. Seven categories of research were
identified, including biodiesel production; fuel characteristics; engine data; regulatory and
legislative activities; commercialization activities; economics and environment; and outreach and
education. Numerous subcategories were further developed to guide a reader interested in
more focused topics through the report; e.g., the engine data category is divided into emissions,
durability, and maintenance activities. Overall, the largest volumes of biodiesel projects were
conducted in the areas of biodiesel fuel properties, emissions data, and commercialization/
demonstration activities.

Although we have worked to make this report as comprehensive as possible, the following
caveats apply. Time and budget constraints in any report require authors to set deadlines
regarding additional submissions to finalize project data. In addition, despite our best efforts to
seek input from leading biodiesel experts, inevitably in a document of this nature, some projects
may be overlooked to the massive quantity involved.

As this report will be provided on a web site, we are examining the possibility of adding new
project information as it becomes available. We invite you to contact the webmaster to express
your opinion on whether it would be useful to update and expand upon this report as more
biodiesel research is conducted in the future.

10
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[I. Production

11
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Project Title:

Biofuel Coproduct Development

Background: With increasing pressure on biomass using facilities to reduce costs and
increase operating efficiency, coproduct development is being looked at more and more as a
value-added opportunity worth examining more thoroughly.

Objectives:

?? Lower the cost of biofuels through the sale of coproducts from biofuels production. The
NRBP will assess the potential coproducts that are created as a result of the production
process for biodiesel and ethanol.

?? Additionally, NRBP will examine current and new industries that could emerge from eco-
industrial parks that demonstrate a synergy with biodiesel and ethanol production, such as
low-cost electricity and steam in the case of ethanol, and glycerol in the case of biodiesel.

Status: The project has been postponed.

Accomplishments:

?? The first step for this project will be to form a partnership with the biofuels industry and
selected states to develop the scope of the study, which will identify coproducts and
markets. To execute this project, a contractor will be retained.

Participants: U.S. Department of Agriculture, various states, Northeast Regional Biomass
Program

Sponsoring Organization(s): U.S. Department of Energy Office of Fuels Development and
Northeast Regional Biomass Program

Point of Contact: Richard Handley, Northeast Regional Biomass Program, CONEG Policy
Research Center, Inc., 400 N. Capitol St., Suite 382, Washington, DC 20001, phone
518.899.9572, fax 518.899.9574, e-mail rhandley@capital.net.

Papers: None available at this time

12
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Project Title:

Hydrogenated Soy Ethyl Ester (HySEE), Preliminary Processing and Screening Work

Background: Biodiesel made from rapeseed oil is very expensive, mostly because of the cost
of rapeseed oil. Rapeseed oil is a commodity and has higher valued uses in addition to
biodiesel; therefore, its price is largely set by those other markets. This makes it difficult to make
biodiesel from rapeseed oil for less than $3.00/gal. Even at this price, rapeseed oil-based
biodiesel may have niche markets where its environmental benefits are of value.

Objectives: To conduct preliminary production and screening work on HySEE biodiesel fuel.
Status: FY 1994-FY 1995

Accomplishments: The project was completed in 1995 and the final report was submitted in
September of the same year.

Participants: JR Simplot Company, Pacific Northwest and Alaska Regional Biomass Energy
Program, and the University of Idaho

Sponsoring Organization(s): Pacific Northwest and Alaska Regional Biomass Energy
Program

Point of Contact: Dr. Charles L. Peterson, Department of Agricultural Engineering, University of
Idaho, Moscow, ID 83844; phone 208.885.7906, fax 208.885.8923, e-mail
peterson@novell.uidaho.edu.

Papers:
Final Report: HySEE Preliminary Processing and Screening, Making and Testing a Biodiesel
Fuel Made from Ethanol and Waste French-Fry Oil. July 1995.

13
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A. Feedstocks

Also see the following projects:

A Proposed Biodiesel Development Plan

Beef Tallow as a Biodiesel Fuel

Development of Rapeseed Biodiesel for Use in High-Speed Diesel Engines

Engine Oil Literature Search and Summary

Hydrogenated Soy Ethyl Ester (HySEE), Preliminary Processing and Screening Work
Oilseeds: Commercializing Biodiesel and Other Products

Promotion of Agricultural Soydiesel Use in South Carolina

Technoeconomic Analysis of Enzymatic Esterification of Highly Fatty Acid Feedstocks.

14
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Project Title:

Assessment of Biomass Feedstocks Suitable for the Production of Liquid Biofuels

Background: Past feedstock assessments conducted by NRBP have been order of magnitude
studies of the potential from the entire region. This is the first time the NRBP has looked at
feedstocks in a geographic area that would be representative of a single production facility. This
is also the first time the NRBP has looked at the potential for low-cost waste materials suitable
for the production of biodiesel.

Objectives:

?? ldentify all biomass feedstocks that would be suitable for liquid biofuels production. The
feedstock assessment, funded by the NRBP, will cover a five-county area surrounding
Pittsburgh, Pennsylvania.

?? The scope of work for this project includes analysis of waste materials for use in biodiesel
production, an analysis of the availability of feedstocks, storage and transportation
considerations, and an assessment of future competing uses.

Status: March 31, 1997-December 31, 1997

Accomplishments:
?? The project has been contracted and is slated for completion by December 31, 1997.

Participants: CT Donovan and Associates, Northeast Regional Biomass Program
Sponsoring Organization(s): Northeast Regional Biomass Program
Point of Contact: Richard Handley, Northeast Regional Biomass Program, CONEG Policy

Research Center, Inc., 400 N. Capitol St., Suite 382, Washington, DC 20001, phone
518.899.9572, fax 518.899.9574, e-mail rhandley@-capital.net.

Papers: None available at this time
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Project Title:

Biodiesel from Microalgae: Complementarity in a Fuel Development Strategy

Background: Biodiesel produces fewer pollutants than petroleum diesel and is virtually free of
sulfur. These properties make biodiesel an attractive candidate to facilitate compliance with the
CAAA-1990. This fuel is ordinarily considered to be derived from oilseeds, but an essentially
identical biodiesel can be made from microalgae.

Objectives:

?? Collect algal species from natural habitats

?7? Determine whether the collected specimens are able to tolerate the expected mass culture
conditions and produce large quantities of lipids.

Status: 1993

Accomplishments:

?? The successful operation of an Outdoor Test Facility in Roswell, New Mexico, to carry out an
engineering design assessment was completed.

?? Two ponds provided substantial information regarding microalgae growth rates in mass
culture, CO,, utilization, and pond design parameters.

Participants: National Renewable Energy Laboratory
Sponsoring Organization(s): U.S. Department of Energy Office of Fuels Development

Point of Contact: Lewis M. Brown, National Renewable Energy Laboratory, 1617 Cole Blvd.,
Golden, CO 80401.

Paper(s):

Brown, L. (1993). Biodiesel From Microalgae: Complementarity in a Fuel Development
Strategy. Proceedings of the First Biomass Conference of the Americas: Energy, Environment,
Agriculture, and Industry, vol. I, August 30-September 2, 1993; Burlington, VT. Golden: The
National Renewable Energy Laboratory; pp. 902-915.
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Project Title:

Close-Out of Microalgae Component of Biodiesel Program

Background: In FY 1996, DOE’s Aquatic Species Program was closed out and staff was laid off
or reassigned. In FY 1997, DOE asked NREL to develop a formal close out document
summarizing 18 years of research. Further, the laboratory needed to find a permanent
depository for the Microalgae Collection that had been developed during the course of the
program’s life. To meet these requests, contracts were set with previous program staff and
other industry experts to summarize the project’s research and accomplishments.

Objective: The objective of this project is to summarize the historical state of knowledge in
microalgae research by documenting the selection of microalgae specimens and the genetic
research associated with developing improved strains of microalgae.

Status: The project was initiated in February 1997 and is scheduled to be completed by March
1998 with the transfer of the algae collection. The closeout report should be available by early
1998.

Accomplishments: Work is in progress.

Participants: John Benemann, 343 Caravelle Drive, Walnut Creek, CA 94598, phone
510.939,5864; Teri Dunahay and John Sheehan, National Renewable Energy Laboratory, 1617
Cole Blvd., Golden, CO 80401-3393, phone 303.275.4420

Sponsoring Organization: U.S. Department of Energy Office of Fuels Development

Point of Contact: Dr. K. Shaine Tyson, National Renewable Energy Laboratory, 1617 Cole

Blvd., Golden, CO 80401, phone 303.275.4616, fax 303.384.6877, e-mail
tysonk@tcplink@nrel.gov.

Papers:

Benemann, Dr. J., 343 Caravelle Drive, Walnut Creek, CA, 94598, phone 510-939-5864.
Contract # ACG-7-17031-01, Closeout Report for the Biodiesel from Aquatic Species Project,
Part 1I: Outdoor Culture Collection and Process Engineering, 7/97-12/97, FY 1996.

Dunahay, Dr. T., P.O. Box 7485, Boulder, CO, 80306, phone 303.499.3715. Contract #, ACG-7-
17030-01, Closeout Report for the Biodiesel from Aquatic Species Project Part I: Collection,
Screening, and Improvement of Microalgal Strains, 3/97-12/97, FY 1997.

Roessler, P., San Diego, CA. proessler@msn.com. Contract # ACO-17026-01, Maintenance
and Screening of the National Renewable Energy Laboratory Algae Culture Collection, 4/97-3/98,
FY 1996.

Zaborski, O., Univ. of Hawaii (tentative), 2540 Dole Street, Holmes Hall 246, Honolulu, HI 96822,
phone 808.956.8146. Transfer of National Renewable Energy Laboratory Biofuel's Microalgae
Collection to a Permanent Depository, other details to be determined. Anticipated period of
performance 12/97-3/98.
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Project Title:

CO, Mitigation in Fossil-Fueled Power Plants Using Microalgae with Co-Production of Biodiesel

Background: Microalgae are unigue photosynthetic organisms in that they accumulate high
levels of natural oils, thrive in high-salinity water, and use CO, as their sole carbon source.
Microalgae grown in ponds can be used to trap CO, from power plant flue gas while providing a
feedstock for biodiesel.

Objectives:

?? Establish a technoeconomic model of microalgae production for CO, mitigation with co-
production of biodiesel.

?? The project also examined technology options for producing and evaluating biodiesel from
low-cost feedstocks at the pilot scale.

Status: FY 1995-FY 1996

Accomplishments:

?? A spreadsheet-based economic model was developed for microalgae production using CO;
from flue gases. This model predicts costs within 2% of those predicted by an earlier
FORTRAN model, but is much easier to use. It has been used to assess targets for lipid
content and growth rate of genetically engineered algae.

?? The final project report (1996) reviews the current state-of the-art, including algal cultivation
and harvesting-processing, and outlines a technique for achieving very high productivity.

?? Costs of CO, mitigation with microalgae production of oils (“biodiesel”) are estimated and
future R&D needs outlined.

Participants: National Renewable Energy Laboratory, Pittsburgh Energy Technology Center,
Dr. John Benemann

Sponsoring Organization (s): U.S. Department of Energy Office of Fuels Development and
U.S. Department of Energy Pittsburgh Energy Technology Center.

Point of Contact: Karin Kadam, National Renewable Energy Laboratory, 1617 Cole Blvd.,
Golden, CO 80401-3393, phone 303.384.6866; Dr. Perry Bergman, U.S. Department of Energy,
Pittsburgh Energy Technology Center, phone 412.892.4890.

Papers:

Benemann, J.R., Oswald, W.J. (1996). Systems and Economic Analysis of Microalgae Ponds
for Conversion of CO, to Biomass. Final Report submitted to the Department of Energy,
Pittsburgh Energy Technology Center under Grant No. DE-FG22-93PC93204.

Benemann, J.R. (1996). “CO, Capture and Biofuels Production with Microalgae.” Proceedings
of Eleventh Annual Coal Preparation, Utilization, and Environmental Control Contractors
Conference, Pittsburgh, PA. pp. 199-206.

Zeiler, K.G., D.A. Heacox, S. Toon, K. Kadam, and L.M. Brown (1995). “The Use of Microalgae

for Assimilation and Utilization of Carbon Dioxide from Fossil Fuel-Fired Power Plant Flue Gas.”
In Energy Conversion Management, Elsevier Science Ltd., vol. 36, pp. 707-712.
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Kadam, K.L. (1995). Power Plant Flue Gas as a Source of CO, for Microalgae Cultivation:
Technology and Economics of CO, Recovery and Delivery.

Kadam, K.L. (1994). Engineering Analysis of Microalgae Technology with Recommendations
for Laboratory Research. Milestone Report, December.

Brown, L.M., K.G. Zeiler, S.G. Talbot, and D.A. Heacox (1994). “Photosynthetic Conversion of
CO, to Biomass.” Proceedings of the 10th Annual Coal Preparation, Utilization, and
Environmental Control Contractors Conference, Pittsburgh, PA. vol. Il, pp. 557-561.

Chelf, P., L.M. Brown, and C.E. Wyman (1993). “Aquatic Biomass Resources and Carbon
Dioxide Trapping.” Biomass and Bioenergy, 4:175-183.
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Project Title:

Developing Yellow Mustard (Sinapis Alba L.) Cultivators Suitable for Biodiesel Production in the
United States

Background: A diallel crossing design will be used to examine the inheritance of biodiesel
quality characters. New germplasm and cultivators will be developed using variations created,
and manipulated, by backcrossing and recurrent selection. Sufficient neat yellow mustard oil will
be expelled for conversion to both ethyl and methyl ester biodiesel. A complete set of fuel
properties will be collected on yellow mustard methyl and ethyl ester. Short-term engine torque
test and engine-mapping test will be conducted on a John Deere 4239T diesel engine connected
to an electric cradle dynamometer. Long-term engine tests will be performed in accordance with
the 200-h screening test for alternative fuels. An economic analysis will draw from data
generated on test plots and from on-farm production of yellow mustard. A survey of farmers
who have grown mustard in the Pacific Northwest will be conducted. Other crops grown in the
area that have similar tillage, seeding and harvesting requirements will provide input estimates
for production. Farm budgets prepared by the Department of Agricultural Economics and Rural
Sociology at the University of Idaho will be used as a starting place for the cost analysis.

Objectives:

?? Determine the inheritance of desirable fatty acid profile, high oil content, and low
glucosinolate content in yellow mustard and hence develop cultivators of yellow mustard
suitable for biodiesel production at low cost and with low crop inputs

?7? Develop and refine a transesterification process for producing biodiesel from yellow mustard
for fuel characterization, engine performance testing, and other tests

?? Collect data from on-farm tests and farmers field crops regarding inputs and seed yield
potential of yellow mustard and integrate new data on yield and input cost to update oil cost
analyses and hence estimate cost of mustard biodiesel production.

Status: September 1996-August 1996.

Accomplishments:

?? F1 seed was produced from a diallel crossing design where high oil content, yellow-mustard
lines were inter-mated with low glucosinolate and high erucic acid breeding lines.

?? Additional segregating populations derived from earlier experiments were selected (using a
half seed procedure) for industrial oil characteristics and for seed meal quality.

?? Seed from more than 400 selections were increased in the greenhouse over winter and seed
will be available for field adaptability trials in 1997.

?? A breeding selection with feed quality seed meal was increased and will be crushed in 1997
to produce mustard oil biodiesel for engine performance tests.

Participants: Plant Soil & Entomological Science, University of Idaho
Sponsoring Organization(s): CRGO, Idaho

Point of Contact: J. Brown, Plant Soil & Entomological Science, University of Idaho, Moscow,
ID 83844-2040, phone 208.885.7078.

Papers: Brown, J. (1996). “Developing Canola Quality Cultivators from Yellow Mustard. In
Proceedings of the Pacific Northwest Canola Meeting, Great Falls, Montana, November 1996.
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Project Title:

Multifeedstock Biodiesel Project (in earlier phase, the project was titled “Cost-Effective Options
for Testing of Biodiesel from Low-Cost Feedstocks)

Background: This project explores the issues associated with producing biodiesel from low-
cost feedstocks, including animal rendering wastes and recycled cooking oils. Central research
issues include modifications to production technology, cost trade-offs, characterization and
performance of the biodiesel fuel and blends with petrodiesel, and demonstration trials. In the
early phases of this project, a research facility was envisioned, where various technological
options could be explored. As the project evolved, a private entrepreneur volunteered to
construct the facility to produce these experimental biodiesel fuels. The project is currently in
Phase Il

Objectives: Project work has occurred in three phases as follows:

?? Phase |: Determine the goals and objectives of a pilot plant and develop the activities list,
time line, and costs for Phase II.

?? Phase ll: This phase identified all major activities required to determine the commercial
feasibility of producing and selling biodiesel made from low-cost feedstocks, e.g.,
equipment/technology for the plant, equipment sizing and scale-up considerations, facility
needs (utilities, storage), analytical needs, timetables, personnel needs, total project cost,
and other items.

?? Phase lll: This phase is now focused on production deployment issues for biodiesel
produced from recycled (waste) fats and oils. This phase involves producing, testing, and
characterizing emissions from biodiesel production from eight feedstocks. The main
objective is to determine ways to reduce the cost of biodiesel using new, lower-cost
feedstocks and through lowering processing costs. Specific tasks follow:

- Laboratory tests will be conducted to establish the properties and characteristics of neat
biodiesel from winter yellow grease, summer yellow grease, beef tallow (edible and non-
edible), pork lard, acidulated soapstock, soybean oil, and rapeseed oil. The project will
establish data on fuel characteristics that can be used to support feedstock-neutral
specifications for biodiesel.

- The neat biodiesel will be blended with petro-diesel in 20:80 proportions for EPA
emission testing using a DDC series 60 bus engine. The data gained will be used to
develop a report for EPA.

- Columbus Foods of Chicago is constructing a production facility and will produce the
fuels used in the demonstration portion of the project. Fuel field demonstrations will be
done in cooperation with American Sightseeing - Chicago, a major transport operator
with previous experience in biodiesel field trials. The company will provide six buses for
biodiesel testing and two control buses. Each bus is expected to accrue 30,000 miles
annually.

- The project hopes to stimulate production and further research activity for the industry.

Status: The first phase of the project began in 1994. The second phase was completed in April,
1997. The third phase of the Multi-feedstock Biodiesel Project was initiated in April, 1997,
and is off to a slow start. Columbus Food started plant shakedown in August 1997 and
anticipates full production status for soy methyl esters by late 1997. Producing the waste grease
and tallow/lard methyl esters may require further facility or process modifications. Chemol is
preparing feedstocks for the engine-testing component of the project, which should commence
by late 1997. Other fuel suppliers have offered to supply the demonstration fuels until Columbus
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Food begins production. Institute of Gas Technology is still negotiating with the initial
demonstration fleet. If negotiations are unsuccessful, other fleets are under consideration. The
project contract runs until April 1998 with a likely 6-month extension.

Accomplishments:

Phase Il

?? This phase produced a comprehensive report detailing the best method to meet the goals of
the Multifeedstock Biodiesel Project. Selected biodiesel facilities in Europe are described
in detail, and several economic feasibility scenarios are presented.

?? A variety of technology options is currently available to effectively process biodiesel with free
fatty acids up to 5%.

?? Although technology to handle 10%-15% levels of free fatty acids in the feedstock are
available, they are fewer in number and need additional optimization. Furthermore, the
technologies to process 10%-15% levels of free fatty acid are not commercially available.

?? Most used restaurant grease is below 15% free fatty acid, and with technology to process
them, these materials are now viable feedstocks for biodiesel production.

Phase Il
?? Sightseeing of Chicago agreed to participate in the project using its own buses.

Participants: National Renewable Energy Laboratory, Institute of Gas Technology, Chemol Co.
Inc, Colorado Institute for Fuels and Engine Research; Systems Lab Services, Sightseeing of
Chicago; Columbus Foods of Chicago, National Biodiesel Board, Fats and Protein Research
Foundation, Inc; American Sightseeing Bus Company; lllinois Soybean Association; Chicago
Clean Cities; and City of Chicago.

Sponsoring Organization(s): U.S. Department of Energy Office of Fuels Development, Fats
and Protein Research Foundation, Inc, lllinois Soybean Checkoff Board, and National Biodiesel
Board.

Point of Contact: Dr. K. Shaine Tyson, National Renewable Energy Laboratory, 1617 Cole
Blvd., Golden, CO 80401, phone 303.275.4616, fax 303.275.4675, e-mail
tysonk@tcplink.nrel.gov.

Papers:
Multi-Feedstock Biodiesel Project Phase II--Final Report
Phase Il reports (forthcoming)
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Project Title:

Potential Feedstock Supply and Costs for Biodiesel Production

Background: America imports nearly 50% of its petroleum, which results in a negative trade
balance of approximately $50 billion per year. In addition, there has been growing concern over
the economic, energetic, and environmental aspects related to the use of fossil fuels as a fuel
source in combustion engines. Biodiesel has been demonstrated in unmodified diesel engines
and has shown a reduction in the exhaust emissions of HC, PM, smoke, CO, and sulfur.
Agriculturally derived fuels and/or waste-derived by-products from the food industry have
potential to ease the United States’ dependence on imported petroleum and at the same time
provide a means of alleviating some of the economic and environmental concerns this country
faces.

Objectives:

?? Assess the resource available for each biodiesel feedstock in terms of production and
consumption as well as location of generation to determine potential biodiesel production
from each feedstock

?? Evaluate the economic feasibility of producing biodiesel subject to cost sensitivities of
feedstock and chemical price, by-product credit and capital costs.

Status: Completed

Accomplishments:

?7? Beef tallows and waste frying oils are less expensive than soybean oil, and could represent
an effective option to reduce the cost of biodiesel as well as extending the supply of
biodiesel.

?? The most important factor in biodiesel break-even price was feedstock cost.

?? The amount of petroleum-based diesel fuel consumed in the United States is much greater
than the potential of biodiesel from vegetable oils, tallows and waste greases.

?? Although biodiesel blends are more expensive than petroleum diesel, the total costs may be
the lowest of all the alternative fuels even under the worst-case biodiesel price.

?? Biodiesel may best fit within defined areas where the use of cleaner burning alternate fuels is
required, or where the other benefits of biodiesel are important.

Participants: Kansas State University; MARC-IV Consulting, Inc; and University of Missouri

Sponsoring Organization(s): Kansas State University; MARC-IV Consulting, Inc; and University
of Missouri

Point of Contact: Steve Howell, MARC-IV Consulting, Inc, 16200 Northridge Road, Kearney,
MO, 64060, phone 816.635.5772, fax 816.635.4836, e-mail showell@marciv.com.

Paper(s):

Nelson, R.G.; Howell, S.A.; Weber, J.A. (1994). “Potential Feedstock Supply and Costs for
Biodiesel Production.” Proceedings of the 6th National Bioenergy Conference, vol. |, Bioenergy
‘94, Reno-Sparks, NV. Western Regional Biomass Energy Program; pp. 59-66.
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Project Title:

Prevailing Markets for Biodiesel Feedstocks--An Empirical Overview

Background: Qil crops in the United States that may make good candidates for biodiesel
production include soybean, corn, cottonseed, sunflower seed, peanut, canola, industrial
rapeseed, flaxseed, and safflower. Soybean oil accounts for about 75% of the nation's crop oil
production, with farmers producing about 15 billion pounds annually. Corn is the second-largest
source of U.S. crop oil, with about 2 billion pounds of oil produced each year. However, many
minor oil crops have a relatively high oil content and could become ideal feedstocks for biodiesel.
Most crop oils is sold in food markets, but a fair amount is sold for industrial purposes. Animal
fats and waste grease such as tallow, lard, and yellow grease can be used to make biodiesel.
There is an abundant supply of these materials--almost 9 billion pounds are produced each year
in the United States.

The total U.S. supply of crop and waste oil--about 28 billion gallons--is only a fraction of the U.S.
annual demand for transportation diesel fuel. Furthermore, the price of diesel fuel (about
$.60/gal) is much lower than crop oil prices, which range from $1.73/gal to $4.85/gal. The
market price for animal fats and waste grease ranges between $1.19/gal to $1.29/gal, which is
less than the price of crop oils but still significantly higher than petroleum diesel. Given the
prevailing market prices for these feedstocks, their use for biodiesel will be limited to niche
markets where premium prices are paid for fuels with preferred environmental qualities.

Objectives: This study will examine oil crop (soybean, corn, cottonseed, sunflower seed,
peanut, canola, industrial rapeseed, flaxseed, and safflower) production as well as animal fats
and waste greases to determine how their use for biodiesel might impact food and industrial
markets.

Status: Initiated in FY 1997

Accomplishments: Study in process.

Participants: U.S. Department of Agriculture

Sponsoring Organizations(s): U.S. Department of Agriculture-Economic Research Service-
Office of Energy and New Uses

Point of Contact: Dr. James A. Duffield, Agricultural Economist, USDA-Economic Research
Service-Office of Energy and New Uses, 1301 New York Ave, NW, Room 1212, Washington,
DC 20005, phone 202.501.6255, fax 202.501.6883.

Papers: Prevailing Markets for Biodiesel Feedstocks--An Empirical Overview (in process).
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Project Title:

Rapeseed Oil as a Fuel for Agriculture

Background: New cultivators of rapeseed will be developed with emphasis toward improved
yield, winter hardiness, oil quality, and acceptability for use as fuels and coproducts. Improved
production practices to enhance profitability will be studied. New and novel methods for
processing oil into biodiesel, environmentally friendly lubricants, and other products will be
developed. These new fuels will be tested for effect on engine durability, on materials, and the
environment. Economic costs and returns associated with rapeseed production for these new
uses will be evaluated.

Objectives: To generate information on:

?? Higher yielding rapeseed cultivators with fatty acid composition suitable for diesel fuel and
coproducts

?? More efficient and environmentally acceptable processes for converting rapeseed oil to diesel
fuel and associated coproducts

?? More efficient methods and technology for storing, handling, and utilizing diesel fuel from
rapeseed

?? Economic costs and potential benefits associated with producing and using rapeseed oil as
a fuel extender.

Status: This project was initiated in September 1992 and is scheduled to be completed by
August 1997.

Accomplishments:

?? The on-farm biodiesel plant expressed 22,500 kg of rapeseed in 1996 resulting in 9,710 L of
oil. More than 18,900 L of biodiesel, all but 2,000 L with ethanol, were produced, of which
6,358 L was from used oil and 6,124 L for our joint project with Yellowstone Park. Biodiesel
produced from the used hydrogenated soy oil is usable as a fuel but has a high pour point,
which makes it a challenge for use in cold weather without special precautions for keeping
the fuel liquid.

?? Tests are continuing with three of the on-road vehicles. The 1992 Ford reached 76,985
miles; the 1994 Dodge 56,852 miles; the 1995 Dodge about 60,000 miles; and the 1992
diesel vehicle--operated by IDWR Energy Division--completed the 100,000 mile milestone.
The engine was removed from the truck and sent to Cummins Engine Co. for evaluation.
The engine showed fewer deposits and less wear than a similar engine operated on diesel,
according to company personnel, although it was also judged slightly loaded.

?? Acute oral toxicity limit tests showed that RME and REE (biodiesel) had LD50 values greater
than 5,000 mg/kg and acute dermal toxicity tests showed LD50 values greater than 2,000
mg/kg. The biodegradability and biodegradation rates of several biodiesel fuels in the aquatic
environment show that all biodiesel fuels are readily biodegradable. After 28 days all biodiesel
fuels were 77%-89% biodegraded; diesel fuel was only 18% biodegraded.

Participants: Department of Biological and Agricultural Engineering, University of Idaho

Sponsoring Organization(s): U.S. Department of Agriculture-Cooperative State Research,
Education, and Extension Services

25



Biodiesel Research Progress: 1992-1997

Point of Contact: Dr. Charles Peterson, Department of Agricultural Engineering, University of
Idaho, Moscow, ID 83844, phone 208.885.7906, fax 208.885.8923, e-mail
peterson@novell.uidaho.edu.

Papers:
Peterson, C.1., D.I. Reece, J.C. Thompson, S.M. Beck, and C. Chase (1996). “Ethyl Ester of
Rapeseed Used as a Biodiesel Fuel - A Case Study.” Biomass and Bioenergy 10(5/6):331-336.

Peterson, C.L. and D.L. Reece (1996). “Emissions Testing with Blends of Esters of Rapeseed
Oil Fuel with and without a Catalytic Converter.” SAE Technical paper No. 961114. SAE,
Warrendale, PA 15096-0001.

Peterson, C.L. et al. (1996). “Engine Performance and Emissions with Methyl and Ethyl Esters
of Rapeseed Oil.” Proceedings of the 3rd Liquid Fuel Conference, ASAE, St. Joseph, MI 49085-
9659, pp. 116-127.

Thompson, J.C., C.L. Peterson, D.L. Reece, and S.M. Beck (1996). “Two Year Storage Study
with Methyl and Ethyl Esters of Rapeseed.” Proceeding of the 3rd Liquid Fuel Conference,
ASAE, St. Joseph, MI 49085-9659, pp. 104-114.

Reece, D.L., X. Zhang, and C.L. Peterson (1996). “Environmental and Health Effects of
Biodiesel.” Proceeding of the 3rd Liquid Fuel Conference, ASAE, St. Joseph, Ml 49085-9659,
pp. 166-176.

Peterson, C.L. and D.L. Reece (1996). “Emissions Characteristics of Ethyl and Methyl Ester of
Rapeseed Oil Compared with Low Sulfur Diesel Control Fuel in a Chassis Dynamometer Test of
a Pickup Truck.” TRANS. of ASAE 39(3):805-816.

Additional Information: CRIS Accession No. 9147024
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B. Conversion

Also see the following projects:

Alternative Fuels and Lubricants from Rapeseed

Rapeseed Oil as a Fuel for Agriculture
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Project Title:

Biodiesel by Indirect Liquefaction

Background: A process is presented to produce an equivalent of No. 2 diesel fuel from a
variety of cellulosic materials. More than 100 materials have been tested in the biomass
categories of industrial wastes, agricultural residues, forest wastes, and energy crops. The
benefits of a “clean diesel” are therefore retained with energy performance comparable to diesel
derived from petroleum. The applicability of the process to virtually any biomass source offers
advantages in economy of scale and geographical distribution.

Objective: To determine whether indirect liquefaction is a viable option for converting biomass
materials into high-quality products.

Status: Completed

Accomplishments:

?? Indirect liquefaction offers a viable option for converting a variety of biomass materials into
high-quality products.

?? Near-term implementation of the technology will be limited to low or negative value
feedstocks that present a disposal problem by alternative methods.

?? With eventual rising costs of petroleum feedstocks, the potential application base should
expand considerably.

Participants: Arizona State University, Department of Chemical Bio & Materials Engineering

Sponsoring Organization(s): U.S. Department of Energy, U.S. Department of Agriculture, and
U.S. Environmental Protection Agency

Point of Contact: Stephen Ochs, Department of Chemical Bio & Materials Engineering,
Arizona State University, Tempe, AZ 85287-6006.

Paper(s):

Ochs, S.; Sichz, T.; Kuester, J.L. (1994). “Biodiesel by Indirect Liquefaction.” Proceedings of
the 6th National Bioenergy Conference, vol. |, Bioenergy ‘94, Reno-Sparks, NV. Western
Regional Biomass Energy Program, pp. 27-34.
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Project Title:

Conversion of Natural Glycerides to Higher Value Products

Background: Animal fats and vegetable oils may be converted into derivatives called esters.
Such esters are being evaluated worldwide as alternatives to petroleum-derived diesel fuel.
These esters, commonly called biodiesel, offer an environmentally sound replacement or
extender for conventional diesel fuel. Nevertheless, current chemical technology for biodiesel
production needs improvement to make biodiesel cost competitive with the conventional fuel
while preserving the fuel characteristics needed for use in cold weather. Typically, biodiesel is
prepared by esterification of the fat or oil feedstock with methyl alcohol under alkaline conditions.
The resulting methyl esters are cleaned of their coproduct, glycerol, and isolated as biodiesel.
This project is looking at another conversion technology, esterification of the catalytic action of
lipase enzymes.

Objectives:

?? Research an alternative, enzymatic approach for biodiesel production to produce biodiesel
cost effectively from inexpensive feedstocks.

?7? Affect favorable low-temperature properties to biodiesel derived from two neglected and
inexpensive feedstocks, animal fat and recycled restaurant grease.

?? Foster the marketing of biodiesel as a replacement or extender of its petroleum-derived
counterpart.

Status: FY 1992-1997.

Accomplishments:

?? The low-temperature properties of several normal and branched chain alkyl esters derived
from tallow and recycled greases were determined for both the neat esters and as 20% ester
blended in No. 2 low-sulfur diesel fuel. Comparisons were to diesel fuel itself.

?? In general, the branched-alkyl esters of tallow showed significantly improved cold
temperature properties over the normal-alkyl esters of tallow.

?? Ethyl tallowate had the most promising properties both neat or blend in diesel fuel for the
homologous normal series methyl to n-butyl.

?? For the grease studied, both the normal and branched alkyl ester derivatives were improved
over corresponding tallow esters, especially when tested neat. The cold-temperature
properties of the 20% blend of the alkyl esters in diesel fuel were similar to neat diesel fuel.

?? For the neat alkyl esters of grease, cold-temperature properties were comparable to or better
than the esters of the more established feedstocks.

?? An HPLC method was developed for quantifying neutral lipid classes: desired alkyl esters
and undesirable free fatty acids, triglycerides, 1,2- and 1,3-diglycerides, and 1(2)-
monoglycercides.

Participants: Agricultural Research Service-North Atlantic Area, Eastern Regional Research
Center

Sponsoring Organization(s): U.S. Department of Agriculture-Agricultural Research Service

Point of Contact: Thomas A. Foglia, Eastern Regional Research Center, Wyndmoor, PA
19038, phone 215.233.6480, fax 215.233.6795, e-mail tfoglia@arservc.gov.

Papers:
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Nelson, L. A., T.A. Foglia, and W. N. Marmer (1996). “Lipase-Catalyzed Production of Biodiesel.”
Journal of the American QOil Chemists' Society, 70:1191-1195.

Foglia, T.A., L. Nelson, R.O. Dunn, and W. N. Marmer (1996). “Low-Temperature Properties of
Alkyl Esters of Tallow and Grease.” Journal of the American Oil Chemists.

Foglia, T.A., K.C. Jones, and W. N. Marmer (1996). “Quantitation of Neutral Lipid Mixtures by
High Performance Liquid Chromatography with Light Scattering Detection.” Journal of the
American Oil Chemists' Society.

Foglia, T.A., K.C. Jones, and W. N. Marmer (1996). “Production of Biodiesel, Lubricants and
Fuel and Lubricant Additives.” U.S. Patent Application 08/631,498, filed April 12, 1996.

Nelson, L.A., T. A. Foglia, and W. N. Marmer (1995). “Alternative Approaches to the Production
of Biofuels.” 1995 Annual Meeting, Journal of the American Oil Chemists' Society, San Antonio,
TX, May 1995.

Nunez A. and G.J. Piazza (1995). “Analysis Of Lipoxygenase Kinetics by High Performance
Liquid Chromatography with a Polymer Column.” Lipids 30:129-133.

Piazza, G.J. and A. Nunez (1995). “Oxidation of acylglycerols and phosphoglycerides by
soybean lipoxygenase.” Journal of the American Oil Chemists' Society. 72:463-466.

Piazza, G.J. and M.B. Medina (1995). “Enzyme Assisted Formation of Fatty Acid
Hydroperoxide.” IN: Kader, J.-C. and Mazliak, P. (eds.), Plant Lipid Metabolism, Kluwer
Academic Publication, Dordrecht, The Netherlands, pp.289-29.

Nunez, A., T.A. Foglia, and G.J. Piazza (1995). “Improved Method for Extraction of
Hydroperoxide Lyase from Chlorella.” Biotech. Techniques 9:613-616.

Piazza, G.J. and A. Nunez (1995). “Examination of the Action of Soybean Lipoxygenase-1 on
Acylglycerols and Phosphoglycerides.” Inform 6:524.

Nunez, A. and G.J. Piazza (1995). “Analysis of Lipoxygenase Multiple Substrate Kinetics by
Reverse-Phase HPLC with a Polymer-Based Column.” Inform 6:523.

Presentations:

Foglia, T.A., G.H. Knothe, L.A. Nelson, R.O. Dunn, W.N. Marmer, and M.O. Bagby (1996).
“Improving the Properties of Vegetable Oils and Fats for Use as Biodiesel.” World Conference
and Exhibition on Oilseed and Edible Oils Processing, Istanbul, Turkey, October.

Nelson, L.A., T.A. Foglia, R.O. Dunn, and W.N. Marmer (1996). “Production and Low-
Temperature Properties of Alkyl Esters of Triglycerides as Biodiesel Fuels.” Bioenergy '96--The
7th National Bioenergy Conference, Nashville, TN, September.

Nelson, L.A., T.A. Foglia, R.O. Dunn, and W.N. Marmer (1996). 1996 Annual Meeting, American
Oil Chemists' Society, Indianapolis, May.

Nelson, L. (1995). “Future Developments in Biodiesel Research.” Biodiesel Update Seminar,
Fats and Proteins Research Foundation (FPRF), Chicago, May.
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Additional Information: CRIS Accession No.: 9146375
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Project Title:

Ethyl Ester Process Scale-Up and Biodegradability of Biodiesel

Background: As biodiesel fuels become commercialized, their fate in the environment is a
matter of concern because petroleum oil spills constitute a major source of contamination in the
ecosystem. Among these concerns, water quality is one of the most important issues for living
systems. Even though biodiesel consists of mainly fatty acids, it is not desirable if it
accumulates in the waterways. As early as the 1970s, investigators reported that long chain
fatty acids, either free or combined, comprise about 80% of the grease fraction in sewage.
Grease has been found to make up 23% to 52% of the total organic fraction in sewage.
Therefore, it is important to examine the biodegradability of biodiesel fuels and their
biodegradation rates in natural waters in case they enter the aquatic environment during the
course of their use or disposal.

Objectives:

?7? Determine the biodegradability of RME, REE, ethyl soyate, NR, NS, and diesel fuel.
?? Coordinate (perhaps by subcontract) toxicology studies for methyl soyate and RME.
?? Develop a process for REE comparable to RME.

Status: The project was initiated in 1993 and completed in June 1994.

Accomplishments:

?? Studied improvement in the biodiesel production process for ethyl esters from rapeseed,
through a 24-month storage study with REE and RME, with determination of BOD5 and
COD for biodiesel and No. 2 diesel. Used both static and flow through tests for
determination of toxicity of REE and RME compared to No. 2 diesel using daphnia magna
and rainbow trout, and with both aquatic and soil biodegradation studies of various biodiesel
fuels and diesel biodiesel blends compared to diesel.

?? Some of the significant results were as follows:

- An effective process for ethyl ester production was developed.

- Storage studies found that the cetane, peroxide, acid value, density, and viscosity tended
to increase over time and heat of combustion decreased.

- Aquatic biodegradation studies found that all the biodiesel fuels are “readily
biodegradable” compounds according to EPA standards and have a relatively high
biodegradation rate in the aquatic environment.

- Toxicity studies with both daphnia magna and rainbow trout found that both REE and
RME biodiesels were less toxic than diesel fuel in both static and flow-through tests.

- BODS5 values for REE, RME, SME, NR) and NS were significantly higher than for No. 2
diesel fuel. COD values were similar for all fuels tested.

- Results indicate biodiesel fuel substances contain significantly more microbial
biodegradable organic matter than does No. 2 diesel.

Participants: University of Idaho, Department of Biological and Agricultural Engineering

Sponsoring Organization(s): US. Department of Agriculture-Cooperative State Research,
Education, and Extension Services
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Point of Contact: Dr. Charles Peterson, Department of Agricultural Engineering, University of
Idaho, Moscow, ID 83844, phone 208.885.7906, fax 208.885.8923, e-mail
peterson@novell.uidaho.edu.

Papers:
Zhang, X. (1996). “Biodegradability of Biodiesel in the Aquatic and Soil Environments.” Ph.D.
dissertation, Dept. of Biol. and Agr. Engr., University of Idaho, Moscow, ID.

Peterson, C.L., D.L. Reece, B.L. Hammond, J.C. Thompson, and S.M. Beck (1997).
“Processing, Characterization and Performance of Eight Fuels from Lipids.”

Additional Information: CRIS Accession No.: 9163212
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Project Title:

Hydrogenated Soy Ethyl Ester (HySEE) Process Refinement

Background: This project was intended to develop information on HySEE process and
production methods, and the construction/operation costs of a commercial scale HySEE
production process.

Objective: To develop information on HySEE process and production methods, and the
construction/operation costs of a commercial scale HySEE production process.

Status: 1994-1995

Accomplishments: The highlights of this project include evaluating feedstock pretreatment
requirements; evaluating hydrogenated soy oil transesterification processing characteristics;
evaluating parameters of the primary settler; purifying HySEE and evaluating its characteristics;
and producing a preliminary design of a 2,000 gal/d capacity biodiesel plant.

Participants: J.R. Simplot Company, Idaho Transtech and University of Idaho

Sponsoring Organization(s): Pacific Northwest and Alaska Regional Biomass Energy
Program

Point of Contact: Dr. David Drown, 308 Buchanan Engineering Lab, Chemical Engineering
Dept, University of Idaho, Moscow, ID 83844-1021, phone 208.885.7848, fax 208.885.7467, e-
mail ddrown@uidaho.edu.

Papers:

Final Report: Development of a Continuous Process for Making Biodiesel from Waste French
Fry Oil and Ethanol, Hydrogenated Soy Ethyl Ester (HySEE) Process Refinement. August
1995.
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Project Title:

New Processes for Obtaining Higher Value-Added Products from Agricultural Lipids

Background: This project is a follow-on to an earlier ARS project titled “Conversion of Natural
Glycerides to Higher-Value Products.” New processes that use biocatalysts to harvest
industrially important fatty acids will be developed. Biocatalysts will be exploited to restructure
natural triglycerides to alter physical properties and thereby enhance market value. This project
will aim to:

7
7

”

7
»n

Optimize bioprocessing technologies to improve the economics of enzymatic biodiesel
production from fats, oils and greases.

Explore the potential of biocatalysis for the production of fuel oxygenates and/or
biodegradable lubricants.

Upgrade edible fats and oils by enzymatic modification in supercritical fluids. Produce
biopolymeric materials from fat and oil substrates using bacteria that utilize glycerides as
substrates.

Use biochemical and/or biomimetic chemical catalysis to produce oxygenated fat and olil
products enriched in commercially valuable materials such as plasticizers, emulsifiers, and
surfactants.

Develop new enzyme immobilization processes.

Develop catalytic processes for altering the linear structure of fatty acids into branched chain
isomers.

Objectives:

”

”

New processing technologies based upon biocatalysis and/or biomimetic reagents will be
developed for converting animal fats and vegetable oils into value-added products.

Targeted areas will include harvesting of industrially important fatty acids from fats and oils;
the restructuring of natural glycerides; production of biodiesel and biobased fuel additives and
lubricants; industrial biopolymers; and oxygenated and branched chain materials from
agrochemical glycerides.

Status: 1997-2001

Accomplishments: In progress.

Participants: U.S. Department of Agriculture-Eastern Regional Research Center

Sponsoring Organization(s): U.S. Department of Agriculture-Agricultural Research Service
Eastern Regional Research Center

Point of Contact: Thomas A. Foglia, Eastern Regional Research Center, Wyndmoor, PA
19038, phone 215.233.6480, fax 215.233.6795, e-mail tfoglia@arservc.gov.

Papers: None available at this time.

Additional Information: CRIS Accession No.: 9400303
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Project Title:
Process Scale-Up for Catalytic Oxidation of Unsaturated Fatty Acids and Glycerolysis
Background: Not available

Objectives: Explore the preparation technique and characterize the properties and
performance of ethers of glycerol as additives in diesel fuel.

Status: Not available
Accomplishments: Not available
Participants: Chemical Engineering, University of Nebraska, USDA-CSREES

Sponsoring Organization(s): U.S. Department of Agriculture-Cooperative State Research,
Education, and Extension Services

Point of Contact: Dr. Hossein Noureddini, Dept. of Chemical Engineering, University of
Nebraska-Lincoln, Lincoln, NE 68588-0126, phone 402.472.2751.

Papers: None available at this time.
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Project Title:

Process Scale-up for Transesterification an Glycerolysis of Soybean Oil Utilizing a High Shear
Liquid-Liquid Contact Device

Background: Many industrial processes, which utilize triglycerides or their fatty acid derivative,
rely on mutual solubility and homogencity of liquid phases involved. Consequently, elevated
temperatures and pressures must be used to increase the solubility of liquid phases. The goal
of this research is to test a high shear liquid-liquid contact device in the transesterfication and
glycerolysis processes. This arrangement is expected to achieve practical conversions at
relatively more moderate conditions for temperature and pressure.

Objectives: The goal of this research project is to develop a multi-purpose pilot plant facilities

using a specific high shear liquid-liquid contact device for process evaluation, scale-up, and

small-scale production of esters of fatty acids (biodiesel) by transesterification process and

mono- and diglycerides by glycerolysis process. The specific objectives are to:

?? Construct a continuous multi-purpose pilot facilities.

?? Investigate the effect of a high shear liquid contact device for achieving the solubility and
homogeneity requirements in transesterification and glycerolysis processes.

?7? Develop and scale up a process of an economically feasible technology based on the
proposed reactor for transesterification and glycerolysis processes.

?? Investigate other potential derivatives of glycerin suitable for production from crude glycerin.

Status: This project has been ongoing since September 1, 1993 and is scheduled to be
completed by August 31, 1997.

Accomplishments: All the proposed objectives have been completed. Results are available in
reports, papers, and thesis work.

Participants: Chemical Engineering, University of Nebraska, U.S. Department of Agriculture-
Cooperative State Research, Education, and Extension Services, Nebraska Soybean Board

Sponsoring Organization(s): U.S. Department of Agriculture-Cooperative State Research,
Education, and Extension Services, Nebraska Soybean Board, University of Nebraska-Lincoln.

Point of Contact: Dr. Hossein Noureddini, Department of Chemical Engineering, University of
Nebraska-Lincoln, Lincoln, NE 68588-0126, phone 402.472.2751.

Papers:
Noureddini, H. and V. Medikondur (1997). “Glycerolysis of Fats and Methyl Esters.” J. Am. Oil
Chem. Soc., 74(4), 419.

Noureddini, H, D.W. Harky, and V. Medikondur (1997). “A Continuous Process for the
Conversion of Vegetable Oils into Biodiesel,” submitted to Biosource Technology.

Noureddini, H. and D. Zhu (1996). Mixing Effects on the Transesterification Kinetics of Soybean
Oil,” 3. Am. Oil Chem. Soc., in press.

Muniyappa, P.R., S.C. Brammer, and H. Noureddini (1996). “Improved Conversion of Plant Oils
and Animal Fats into Biodiesel and Co-product.” Biosource Technology, 56, 19.
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Muniyappa, P.R. (1995). “Production of Biodiesel and Utilization of By-Product,” M.S. Thesis,
University of Nebraska-Lincoln.

Medikondur, V. (1996) “Continuous Transesterification of Vegetable Oils and Utilization of Co-
Product.” M.S. Thesis, University of Nebraska-Lincoln.
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l1l. Fuel Characteristics

A. Properties

Also see the following projects:

Alternative Fuels and Lubricants from Rapeseed

Developing Yellow Mustard (Sinapis Alba L.) Cultivators Suitable for Biodiesel Production in the
United States

Multifeedstock Biodiesel Project

Third Workshop: Commercialization of Biodiesel: Producing a Quality Fuel
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Project Title:

Additive Compatibility

Background: Petrodiesel can contain a variety of performance additives. The engine
manufacturers are interested in the negative reaction of biodiesel with additives. Specifically,
they are interested in knowing whether the additives are as effective with biodiesel as with
petrodiesel. The purpose of this research is to quantify any negative reactions and document
the effects of a representative number of additives or additive packages with biodiesel and
biodiesel blends.

Objectives:

?7? Determine whether commercially available diesel fuel additives are compatible with and
maintain their efficacy with biodiesel fuels.

?? Evaluate the products characteristics of the cetane number (combustion characteristic of
diesel fuels), conductivity, corrosiveness, and stability.

?? Use a” trial and error” approach and all the information regarding the additives will be
captured.

Status: Completed February 11, 1997

Accomplishments:

?? The results of the project determined the additives developed for petrodiesel were generally
effective in biodiesel, except the corrosion control additive.

?? Conventional petroleum-based stability additives were ineffective with biodiesel but a
common soybean oil stabilizer in combination with a petroleum-based stabilizer produced
promising results.

?? Biodiesel imparts electrical conductivity to petrodiesel blends, reducing the potential of static
electricity buildup and potential static electricity discharge when pumping. Conductivity
additives appear unnecessary for biodiesel blends.

?? Further research into exact treat rates with various additives is needed.

Participants: National Biodiesel Board and System Lab Services, a division of Williams Pipe
Line Company

Sponsoring Organization: National Biodiesel Board

Point of Contact: Ms. Bev Thessen, National Biodiesel Board, P.O. Box 104898, Jefferson City,
MO, 65110-4898, phone 573.635.3893, fax 573.635.7913, e-mail biodiesel@sockets.net.

Paper:
Lawrence, R. (1997). Determination of Additive Compatibility and Efficacy: Final Report. NBB
209. Jefferson City, MO, National Biodiesel Board.
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Project Title:

ASTM Standards Development and Industry Acceptance

Background: Full-scale biodiesel commercialization and sales are limited without an industry --
engine manufacturer, producer and user-accepted standard. The biodiesel industry is currently
conducting research on analytical testing methods and the specifications needed for each
analytical test. This project allocates the time and resources necessary to facilitate the
development of the standard.

Objectives:

?? Support information necessary for approval of a biodiesel standard through the ASTM
Biodiesel Task Force.

?? Facilitate feedback on draft ASTM specifications from OEMSs, producers, distributors, users,
and researchers, and investigate the proper analytical methods for ASTM specification.

?? Help determine the actions needed to gain agreement on the specification within the ASTM
process and assist in executing the actions developed by ASTM to ensure specifications are
based on sound scientific methods and on the requirements of customers, engine
manufacturers, and producers.

?? Provide recommendations to the industry for further research needed based on feedback
from engine manufacturers, producers, and users.

Status: September 1, 1993-present

Accomplishments:

?? Information has been shared at several industry conferences and has been used to
determine industry research priorities.

Information has been shared at the semiannual ASTM Biodiesel Task Force meeting.
Consensus has been achieved on the testing needs and values for the standard.

The gas chromatography method was selected to measure free and total glycerin.

ASTM voted to move forward with a provisional ASTM biodiesel standard (1997) while data
on the GC, precision and bias for other analytical methods, and further field information is
generated for the full ASTM standard. The full ASTM standard must be issued within 2 years
of acceptance of the provisional standard.

A provisional ASTM has been sent to ballot. Comments were incorporated; and it is being
sent out for re-ballot (late 1997).

SN N

3

Participants: American Society for Testing and Materials, analytical laboratories, biodiesel
suppliers, engine manufacturers, and MARC-IV Consulting, Inc.

Sponsoring Organization(s): National Biodiesel Board and United Soybean Board

Point of Contact Steve Howell, MARC-IV Consulting, Inc, 16200 Northridge Road, Kearney, MO,
64060, phone 816.635.5772, fax 816.635.4836, e-mail showell@marciv.com.

Paper:
Draft ASTM Standard
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Project Title:

Beef Tallow as a Biodiesel Fuel

Background: Vegetable oils and animal fats can be used as fuel in direct injection diesel
engines, but there are some limitation on their use. From the point of view of fuel properties,
both oil and fat are fairly close to that of diesel fuel, but from the point of view of physical
properties they are not close to diesel fuel. One of the most important physical properties of
vegetable oils and fats is viscosity; oils are more viscous than diesel fuel. To use these highly
viscous oils and fats as fuels in a compression ignition engine, one must modify their physical
properties.

Objectives: This project evaluated beef tallow performance as a potential replacement to diesel
fuel.

Status: Completed

Accomplishments:

?? The presence of a high amount of saturated fatty acid causes tallow to be solid at room
temperature.

?? Viscosity, specific gravity, distillation range, melting point, cloud point and pour point were
higher than those for No. 2 diesel fuel.

?? Fuel properties including cetane index and flash point were better than diesel fuel.

?? The engine performance showed that there was 1.1% power reduction for each 10%
replacement of diesel fuel with methyl tallowate and ethanol.

Participants: University of Nebraska-Lincoln
Sponsoring Organization(s): University of Nebraska-Lincoln

Point of Contact: Milford Hanna, Director, Industrial Agricultural Products Center, 211 LW
Chase Hall, University of Nebraska-Lincoln, Lincoln, NE 68583-0730, phone 402.472.1624.

Paper(s):

Ali, Y. and M.A. Hanna (1996). “Beef Tallow as a Biodiesel Fuel.” Proceedings of the Third Liquid
Fuels Conference, September 15-17, Nashville, TN. Liquid Fuels and Industrial Products from
Renewable Resources; pp. 59-72.
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Project Title:

Biodiesel Cetane Number Engine Testing Comparison to Calculate Cetane Index Number

Background: Unlike gasoline, diesel fuel is measured by its cetane value, not its octane value.
Before marketing biodiesel to the retalil distributors and fleet managers, it was imperative to
understand cetane rating of biodiesel compared to diesel fuels.

Objectives:

?7? Determine whether the calculated CN index from D 976 and D4737 correlate for biodiesel
based on density, gravity, and distillation.

?? Test the blended CNs with reference No. 2 and No. 1 diesel fuels.

Status: Complete

Accomplishments:

?? Biodiesels were shown to have a high CN and can be considered a premium diesel fuel.

?? Significant decline in the estimated calculated cetane index numbers versus cetane engine
numbers.

?? The blended CNs tended to increase as the percentage of ester was increased. This
indicates that biodiesels could be good blending stock to enhance cetane while lowering
sulfur and aromatics of conventional fuels.

Participants: Midwest Biofuels, Inc., Williams Pipeline Company
Sponsoring Organization(s): Midwest Biofuels, Inc.

Point of Contact: Midwest Biofuels, Inc, 30 N. 1% Street, Kansas City, KS 66118, phone
913.371.3835.

Paper:

Midwest Biofuels, Inc. Biodiesel Cetane Number Engine Testing Comparison to Calculated
Cetane Index Number. Overland Park, Kansas: Midwest Biofuels, Inc.
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Project Title:

Biodiesel Fuel Certification and Quality Assurance

Background: For many years, biodiesel research and demonstrations progressed without any
concern over fuel quality. The industry held the belief that industrial grade methyl esters were
sufficient for fuel use. Over the years, it became evident that fuel quality was an extremely
important issue, and NBB has moved to develop proposed ASTM standards for biodiesel. This
project is the second step in institutionalizing fuel quality standards throughout the industry.

Objectives: NBB has decided to move forward with testing industry fuel samples against the
proposed ASTM biodiesel standards, working with the producers to develop adequate fuel quality
assurance programs within each company, and to “certify” producers to meet fuel specifications
on a regular basis. NREL has decided to move forward with a report that discusses the
importance of fuel quality and fuel specifications from the consumer point of view, including
contractual mechanisms for purchasing biodiesel on spec. This report will also include
protocols for consumers and other entities in the fuel handling chain necessary for maintaining
fuel quality all along the fuel distribution and storage process once biodiesel leaves the
producer’s dock.

Status: Project will begin in FY 1997 and conclude by June 1998.

Accomplishments: Ongoing
Participants: National Renewable Energy Laboratory and National Biodiesel Board

Sponsoring Organization: U.S. Department of Energy Office of Fuels Development and
National Biodiesel Board

Point of Contact: Dr. K. Shaine Tyson, National Renewable Energy Laboratory, 1617 Cole
Blvd., Golden, CO 80401, phone 303.275.4616, fax 303.275.4675, e-mail
tysonk@tcplink.nrel.gov.

Papers:
Biodiesel Fuel Quality Standards and Recommended Operating Protocols for Maintaining Fuel
Quality (forthcoming).
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Project Title:

Biodiesel Fuels--Vegetable Oil/Alcohol Blends

Background: There is a need to develop modified vegetable oils as alternative fuels for
combustion in compression ignition (diesel) engines. Blending with simple alcohol to form
microemulsion or co-solvent type hybrid fuels and conversion to biodiesel are promising
technologies for improving viscosity of vegetable oils. This project explores development of
hybrid formulations and biodiesel with improved viscosity, surface tension, and low-temperature
properties as well as improved combustion and emissions characteristics.

Status: January 1992-January 1997

Objectives:

?? Modify and improve the combustion of vegetable oils, emphasizing soybean oil, as diesel fuel
by obtaining and applying new knowledge of precombustion chemistry.

?? Develop technologies for producing improved biodiesel through unique combinations of
vegetable oil, simple alcohol, and surfactant packages.

?? Evaluate performance characteristics, including emissions, of the most promising fuel
formulations and additives determined from ongoing research activities.

Status: FY 1992-1997

Accomplishments:

?? Long- and medium-chain length alcohol surfactant packages were developed for solubilized
soybean oil with methanol and ethanol.

?? These vegetable oil/alcohol blends showed significant reduction in viscosity with little or no
compromising of other fuel properties, such as CN.

?7? Low-temperature flow property studies of biodiesel indicated that biodiesel (methyl soyate)
poses more significant startup and operability problems during cooler seasons in moderate
climates.

?? Testing of distillate/biodiesel blends showed that no more than 20% by volume biodiesel may
be blended before problems such as blocked fuel lines and plugged filters will be
encountered.

?? Shown that improving cold flow of biodiesel and blend s depends directly on reducing cloud
point. Cold flow improver additives were effective in reducing pour point of blends; however,
cloud points were not affected.

?? Winterization of methyl soyate showed promise by reducing cloud points to levels
approaching those of distillate fuels.

?? Thermal analysis techniques were developed that could accurately predict cloud points of
diesel fuels.

?? Cetane improvers were developed that showed novel effects on cetane numbers of fatty
acids and esters. Results showed how CNs and their improvements in fatty compounds
depend upon their chemical structure. Thus, cetane-improving additives may be tailored to
specific chemical structures present in vegetable oils and fuels derived therefrom.

Participants: Southwest Research Institute; University of Illinois; and U.S. Department of
Agriculture-Agricultural Research Service, National Center for Agricultural Utilization Research

Sponsoring Organization(s): U.S. Department of Agriculture-Agricultural Research Service,
National Center for Agricultural Utilization Research
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Point of Contact: Robert Dunn, USDA-ARS, National Center for Agricultural Utilization
Research, 1815 N. University Street, Peoria, IL 61604, phone 309.681.6413, fax 309.681.6686,
e-mail dunnro@mail.ncaur.usda.gov.

Papers:

Knothe, G., R. O. Dunn, and M.O. Bagby (1997). “Biodiesel: The Use of Vegetable Oils and
Their Derivative as Alternative Diesel Fuels.” In ACS Symp. Ser. No. 666: Fuels and Chemicals
from Biomass. B.C. Saha; J. Woodward, eds. American Chemical Society, Washington, DC.
pp. 172-208.

Dunn, R.O., M.W. Shockley, and M.O. Bagby (1996). “Improving the Low-Temperature
Properties of Alternative Diesel Fuels: Vegetable Oil-Derived Methyl Esters.” J. American
Chemical Society, 73:1719.

Dunn, R.O. and M.O. Bagby (1996). “Low-Temperature Filterability Properties of Alternative
Diesel Fuels from Vegetable Oils.” Proceedings of the Third Liquid Fuel Conference,
September 15-17, 1996. St. Joseph, MI: The American Society of Agricultural Engineers; pp.
95-103.

Knothe, G. and M.O. Bagby (1996). “Assignment of 13C Nuclear Magnetic Resonance Signals
in Fatty Compounds with Allylic Hydroxy Groups.” J. Am. Oil Chem. Soc. 3:661.

Knothe, G., M.O. Bagby, and T.W. Ryan, lll (1996). “The Influence of Various Oxygenated
Compounds on the Cetane Numbers of Fatty Acids and Esters.” Proceedings of the Third Liquid
Fuels Conference, September 15-17, 1996, Nashville, TN. Liquid Fuels and Industrial Products
from Renewable Resources, pp. 54-58.

Knothe, G., R.O. Dunn, and M.O. Bagby (1996). “Technical Aspects of Biodiesel Standards.”
INFORM 7:827.

Dunn, R.O. and M.O. Bagbhy (1995). “Low-Temperature Properties of Triglyceride-Based Diesel
Fuels: Transesterified Methyl Esters and Petroleum Middle Distillate/Ester Blends.” J. Am. Oil
Chem. Soc. 72:43.

Dunn, R.O. and M.O. Bagby (1995). “Aggregation Of Unsaturated Long-Chain Fatty Alcohols In
Nonaqueous Systems.” J. Am. Oil Chem. Soc. 72:123.

Knothe, G., M.O. Bagby, and D. Weisleder (1995). “Fatty Alcohols through Hydroxylation of
Symmetrical Alkenes with Selenium Dioxide/Tert-Butylhydroperoxide.” J. Am. Oil Chem. Soc.
72:1021.

Knothe, G., R.O. Dunn, and M.O. Bagby (1994). “Surface Tension Studies on Novel Allylic
Mono- and Dihydroxy Fatty Compounds. A Method to Diastereomers.” J. Am. Oil Chem. Soc.
Accepted May 25, 1994.

Dunn, R.O. and M.O. Bagby (1994). “Solubilization of Methanol and Triglycerides: Unsaturated

Long-Chain Fatty Alcohol/Medium-Chain Alkanol Mixed Amphiphile Systems.” J. Am. Oil Chem.
Soc. 71:101.
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Knothe, G, M.O. Bagby, D. Weisleder, and R.E. Peterson (1994). “Allylic Mono- and
Dihydroxylation of Isolated Double Bonds with Selenium Dioxide-tert-butyl ... Enones.” J. Chem.
Soc., Perkin Trans. 2:1661.

Knothe, G. and M.O. Bagby (1994). “13C-NMR Spectroscopy of Unsaturated Long-Chain
Compounds: An Evaluation ... Carbon Signals as Rational Functions.” J. Chem. Soc., Perkin
Trans 2: Accepted November 9, 1994.

Dunn, R.O. AW. Schwab, and M.O. Bagby (1993). “Solubilization and Related Phenomena in
Nonaqueous Triolein/Unsaturated Long Chain Fatty Alcohol/Methanol Solutions.” J. Dispersion
Sci. Technol. 14:1.

Additional Information: ARS Project No. 3620-41000-050-00D; CRIS Accession No.: 9146551.
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Project Title:

Biodiesel Pour Point and Cold Flow Study

Background: The cold flow properties of diesel fuel are important parameters in maintaining
satisfactory fuel flow and performance in diesel engines. Conventional diesel fuel experiences
cold flow jelling in the colder climates of the United States each year. The authors desired to
determine the impact of biodiesel and biodiesel blends on the cold flow performance of
petrodiesel and to evaluate the available options for improvement of cold flow performance when
using biodiesel.

Objectives: To provide for research and documentation of the pour point and cloud point of
methyl soyate and the cold flow characteristics and other biodiesels.

Status: September 1993

Accomplishments:

?? The cold flow properties of biodiesel need improvement in order to be used in cold weather.

?? Blending biodiesel with No. 1 or No. 2 diesel is an effective means to improve cold flow
properties.

?? Conventional cold flow additives appear to be effective with diesel and with blends, but
showed little, if any, effect on the neat biodiesel.

?? The effectiveness of any cold flow improver changes with the diesel fuel being used.

?? Conventional diesel fuel cold flow properties can change drastically and therefore, the pour
point, cloud point, and cold filter plugging point of biodiesel blends should not be discussed in
absolute terms, but in terms of degrees of change from conventional diesel.

Participant: Midwest Biofuels
Sponsoring Organization(s): National Biodiesel Board

Point of Contact: Ms. Bev Thessen, National Biodiesel Board, P.O. Box 104898, Jefferson City,
MO, 65110-4898, phone 573.635.3893, fax 573.635.7913, e-malil biodiesel@sockets.net.

Paper:
Midwest Biofuels (1993). Biodiesel Pour Point and Cold Flow Study. Jefferson City, MO:
National Biodiesel Board.
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Project Title:

Biodiesel Technical Fuel Quality Laboratory Analysis

Background: These results will provide additional information needed to confirm the statistical
validity of projects completed during FY 1995.

Objectives:

?? To provide complete analysis and characterization for biodiesel being used in current
biodiesel field trials or research.

?? To complete sufficient replication of sample results to obtain statistically valid analysis and
compare that analysis against specifications.

?? To use these data to help NBB and others gather performance-based information, which can
be used to update biodiesel specifications.

Status: October 1, 1994-September 30, 1995

Accomplishments:

?? ldentified the need for a standardized method for total and free glycerin and for a detailed
ASTM standard.

?? All laboratories could provide partial testing, but no one laboratory could be identified as being
able to complete all tasks necessary to ensure fuel quality and statistical control.

?? There was significant variation between the results for several parameters from different
laboratories on the sample.

?? Additional biodiesel laboratories are needed--this project was unable to identify multiple
laboratory testing facilities that could complete all NBB fuel quality testing.

Participants: Brabmij Inc.

Sponsoring Organization(s): National Biodiesel Board

Point of Contact: Ms. Bev Thessen, National Biodiesel Board, P.O. Box 104898, Jefferson City,
MO, 65110-4898, phone 573.635.3893, fax 573.635.7913, e-mail biodiesel@sockets.net. Mr.

Steve Howell, MARC-IV Consulting, Inc, 16200 Northridge Road, Kearney, MO, 64060, phone
816.635.5772, fax 816.635.4836, e-mail showell@marciv.com.

Paper:

Gardner, J.M. (1996). Biodiesel Fuels Quality Evaluation Using Commercial Materials/
Chemical Testing Laboratories. NBB 96220-1. Jefferson City, MO: National Biodiesel Board.
Work performed by Brabmij, Inc., Pittsburgh, MO.
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Project Title:

Blending Rules for Formulating Biodiesel Fuel

Background: Biodiesel is gaining acceptance in a number of markets as an enhanced
performance fuel for compression ignition engines. The most significant hurdle for broader
commercialization of biodiesel is its cost. Because the most important cost factor in biodiesel
production is the raw material, there has been an increasing effort in the use of lower cost raw
materials such as tallow, recovered cooking oils, and yellow grease for the production of the fuel
guality esters.

Objectives:

?? Use pure component data for methyl palmitate, methyl stearate, methyl oleate, and methyl
linoleate to develop and test blending equations for predicting fuel density, viscosity, CN,
cloud point, and heating value.

?7? Compare the results of the blending relationship with literature values for biodiesel from a
number of triglyceride sources.

Status: 1996

Accomplishments: This project generated formulas for estimating density, viscosity, CN, cloud
point, and heating value of biodiesel blends.

Participants: University of Nebraska, U.S. Department of Agriculture-Cooperative State
Research, Education, and Extension Services

Sponsoring Organization(s): U.S. Department of Agriculture-Cooperative State Research,
Education, and Extension Services

Point of Contact: L. Davis Clements, Biological Systems Engineering, University of Nebraska-
Lincoln, Lincoln, NE 68583-0726; phone 402.472.0177, fax 402.472.6338

Paper(s):

Clements, L.D. (1996) . “Blending Rules for Formulating Biodiesel Fluid.” Proceedings of the
Third Liquid Fuels Conference, September 15-17, 1996, Nashville, TN. Liquid Fuels and
Industrial Products from Renewable Resources; pp. 44-53.

50



Biodiesel Research Progress: 1992-1997

Project Title:

Cetane Number Testing of Biodiesel

Background: The CN is one of the most commonly cited indicators of diesel fuel quality. It
measures the readiness of the fuel to autoignite when injected into the engine. It is generally
dependent on the composition of the fuel and can impact the engine’s startability, noise level,
and exhaust emissions. The CN of biodiesel is generally observed to be quite high. Date
presented in this work will show values varying between 45 and 67.

Objectives:
?? Evaluate the possible reasons for the wide range in reported values of the CN of biodiesel.
?? Suggest ways of reporting the fuel properties of biodiesel that correlate to CN.

Status: Completed

Accomplishments:

?? The CN of biodiesel depends on the distribution of fatty acids in the original oil or fat in which
it is produced. The longer the fatty acid carbon chains and the more saturated the
molecules, the higher the CN.

?? The unsaponifiable matter in biodiesel does not appear to have an impact on the CN.

?? Fuel that has been distilled, oxidizes much more quickly than undistilled fuel. Although the
distillation process does not affect the CN, the oxidation result in a CN increase. When the
fuel was oxidized to peroxide value of 82, the CN increased between 7 and 8 points. Further
increases in the peroxide value did not increase the CN.

Participants: lowa State University, lowa Energy Center, lowa Soybean Promotion Board
Sponsoring Organization(s): lowa Energy Center, lowa Soybean Promotion Board
Point of Contact: Jon Van Gerpen, Mechanical Engineering Department, lowa State University,

2025 Black Engineering Bldg., Ames, IA 50011-2161, phone 515.294.5563, fax 515.294.3261, e-
mail vg@iastate.edu.

Paper(s):

Van Gerpen, J. (1996). “Cetane Number Testing of Biodiesel.” Proceedings of the Third Liquid
Fuels Conference, September 15-17, 1996, Nashville, TN. Liquid Fuels and Industrial Products
from Renewable Resources; pp.197-206.
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Project Title:

Cetane Numbers of Fatty Compounds

Background: The CN is one of the prime indicators of diesel fuel quality. It is related to the
ignition delay time a material experiences upon injection into the combustion chamber.
Generally the shorter the ignition delay-time, the higher the CN and vice versa. CN is usually
determined by the method described in ASTM D 613, although an alternative using a CVCA has
been reported and developed into an Ignition Quality Tester for laboratories and refineries.
Vegetable oils, animal fats, and their derivatives (“biodiesel”) are prominent candidates as
alternative diesel fuels. However, for fatty compounds an alternative to the cetane scale, the
“Lipid Combustion Quality Number,” which would account for CNs in excess of 100, was
suggested.

Objective: To determine the CNs of various fatty acids and esters to potentially improve these
properties.

Status: Completed 1997

Accomplishments:

?? There is a possibility of tailoring the cetane improver to the predominant fatty compounds
present in the biodiesel.

?? The factors influencing the choice of cetane improver are the nature of the fatty HC chain and
the nature of the ester.

Participants: Southwest Research Institute, U.S. Department of Agriculture
Sponsoring Organization(s): US. Department of Agriculture

Point of Contact: Thomas W. Ryan lll, Southwest Research Institute, 6220 Culebra Road, San
Antonio, TX 78238-5100, phone 210.684.5111, fax 210.522.3496.

Paper(s):

Knothe, G., M.O. Bagby, and T.W. Ryan (1997). “Cetane Numbers of Fatty Compounds:
Influence of Compound Structure and Various Potential Cetane Improvers.” State of Alternative
Fuel Technologies (SP-1274); May 5-8, 1997, Dearborn, Ml. SAE # 971681. Warrendale, PA:
Society of Automotive Engineers, pp. 127-132.
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Project Title:

Development of Premium Diesel Fuel Standards

Background: This project provides technical support to NREL by representing biodiesel benefits
during the developing an agenda for premium diesel specifications and biodiesel’'s potential roles
in this market.

Objectives:

?? The National Conference on Weights and Measures is developing recommended
specifications for premium diesel fuels. Although so-called premium diesel fuels abound in
the marketplace, there are no regulations or standards for what comprises premium diesel
fuel. Engine manufacturers have been pressing for such a specification because of the
potential to improve engine emissions and performance offered by an appropriately defined
premium diesel fuel. The consultant will attend meetings of this conference to represent
issues and concerns related to biodiesel.

?? Develop a "How To" Guide for Biodiesel Supplier Compliance with Federal Regulations: As
new biodiesel producers appear in the U.S. fuel market, they face a sometimes bewildering
array of regulation governing the production, sale, and use of biodiesel.

Status: The ASTM/NCWM Joint Premium Diesel Task Force has finished deliberations and has
passed on recommendations for premium diesel specifications and testing methods to the main
body of the relevant organizations. Lubricity, which is biodiesel’s primary benefit in premium
diesel blends, was not included in the task force’s list of premium diesel's measurable
characteristics, but was listed as a possible sixth specification if the industry can develop
improved lubricity test methods. Current lubricity test methods are not accurate enough to
distinguish between “average” diesel and premium diesel lubricity levels. It is hoped that the
ASTM lubricity task force will take up this issue in future meetings, as this is an industry wide
issue. NREL will proceed with developing the necessary data to determine the lubricity benefits
of biodiesel in low-level blends in FY 1998 to help producers penetrate this high-value market.

Accomplishments: Various letter reports describing progress in the ASTM/NCWM Premium
Diesel Task Force meetings were provided during the course of the contract period. A rough
draft of the “How To” guide has been submitted.

Participants: National Renewable Energy Laboratory and Fats and Proteins Research
Foundation, Inc.

Sponsoring Organization(s): U.S. Department of Energy Office of Fuels Development and
Fats and Proteins Research Foundation, Inc.

Point of Contact: Dr. K. Shaine Tyson, National Renewable Energy Laboratory, 1617 Cole
Blvd., Golden, CO, 80401-3393, phone 303.275.4616, fax 303.275.4675, e-mail
tysonk@tcplink.nrel.gov.

Papers:
“How To” Regulatory Compliance Guide (draft).
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Project Title:

Diesel Fuel, Extenders, and Additives from Vegetable Oils

Background: This project continues the development of modified vegetable oils as an
alternative fuel for combustion in compression ignition (diesel) engines. Although biodiesel
reduced most emissions, it does not greatly reduce harmful NO, emissions. There is a need to
develop new knowledge of precombustion chemistry to improve combustion and reduce
emissions. There is a need to develop information to improve low-temperature flow properties of
biodiesel without compromising fuel properties such as oxidative stability or cetane number.
Finally, there is a need to develop quick and inexpensive methods for testing fuel quality.

Objectives:

?? Improve combustion characteristics and fuel properties of vegetable oils and their derivatives

as fuels, extenders, and additives for combustion in diesel engines.

Use fatty derivatives to enhance performance and reduce harmful exhaust emissions.

Modify vegetable oils and their derivatives with improved viscosity, surface tension,

combustion, and low-temperature flow properties.

?? Develop combustion-improving additives that also reduce harmful exhaust emissions, in
particular NOy.

?? Develop methods such as winterization, cold-solvent extraction, cold-flow improvers, and

solubilization with surfactants for improving low-temperature flow properties of biodiesel.

Develop spectroscopic methods for quick, easy, and low-cost testing of biodiesel fuel quality.

Evaluate performance and emissions characteristics of promising fuel formulations

developed from ongoing research activities.

7
7

NN

Status: The project was initiated in January 1997 and will be completed by January 2002

Accomplishments:
?? In progress

Participants: U.S. Department of Agriculture-Agricultural Research Service, National Center for
Agricultural Utilization Research, Southwest Research Institute, University of Illinois

Sponsoring Organization(s): U.S. Department of Agriculture-Agricultural Research Service,
National Center for Agricultural Utilization Research

Point of Contact: Robert Dunn, USDA-ARS, National Center for Agricultural Utilization
Research, 1815 N. University Street, Peoria, IL 61604, phone 309.681.6413, fax 309.681.6686,
e-mail dunnro@mail.ncaur.usda.gov.

Paper(s):
Dunn, R.O. (1997). “Improving the Low-Temperature Properties of Biodiesel.” The Liquid
Biofuels Newsletter 9. BLT, Wieselburg, Austria, pp. 10-12.

Dunn, R.O., M.W. Schockley, and M.O. Bagby (1997). “Winterized Methyl Esters from Soybean
Oil: An Alternative Diesel Fuel with Improved Low-Temperature Properties.” SAE Spec. Publ.
Sp-1274: State of Alternative Fuel Technologies 1997. SAE Technical Paper Services No. 97
(1682). Society of Automotive Engineers, Warrendale, PA, pp. 133-142.
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Dunn, R.O., Knothe, G; Bagby, M.O. (1997). “Recent Advances in the Development of
Alternative Diesel Fuel from Vegetable Oils and Animal Fats.” Recent Res. Devel. Oil Chem.
1:31.

Knothe, G. (1997). “Effects of Structure of Fatty Compounds on Their Cetane Numbers.” The
Liquid Biofuels Newsletter 9. BLT, Wieselburg, Austria, pp. 9-10.

Knothe, G., Bagby, M.O.; Ryan Ill, T.W. (1997). “Cetane Numbers of Fatty Compounds:
Influence of Compound Structure and of Various Potential Cetane Improvers.” In SAE Special
Publications. SP-1274: State of Alternative Fuel Technologies-1997 (SAE Technical Paper
Series No. 971781). Society of Automotive Engineers, Warrendale, PA, pp. 127-132.

Additional Information: ARS Project No. 3620-41000-075-00D.
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Project Title:

Development of Biodiesel Slurry Fuels

Background: Similar to ethanol and biodiesel, biodiesel slurries are fuels that could be used as
alternatives to diesel to power diesel engines. For short-term applications these fuels could be
produced from corn or sorghum, and in 10 to 15 years could be produced from agricultural by-
products such as corn stalks or wheat straw. These fuels would provide new markets for
agricultural products and ultimately lead to increased revenues throughout the agricultural base.

Objectives:

?? Summarize the physical property information and preliminary cost estimates for slurry fuels
based on corn, sorghum, and cellulose feedstocks.

?? Describe current research on constant volume combustion studies and engine
demonstrations.

Status: Completed

Accomplishments:

?? Biomass has advantages over coal because of reduced ash content and widespread
availability.

?? The cost of biodiesel slurry fuels to farmers would be different than those costs to other
consumers because farmers would benefit from price increases resulting from increased
demand for farm products such as corn and sorghum.

?? Corn and sorghum would have the greatest immediate utility in slurry fuels due to well known
milling methods to attain particle sizes smaller than 100 microns.

Participants: University of Kansas, DuPont Educational Grants, Kansas Corn Commission

Sponsoring Organization(s): University of Kansas, DuPont Educational Grants, Conoco
Undergraduate Research Programs, Kansas Corn Commission

Point of Contact: Galen Suppes, University of Kansas, Department of Chemical and
Petroleum Engineering, Lawrence, KS 66045-2223, phone 913.864.3864

Paper(s):

Suppes, G.J.; Ng, C.; Srinivasan, B. (1994). “Development of Biodiesel Slurry Fuels.”
Proceedings of the 6th National Bioenergy Conference, vol. |, Bioenergy ‘94, Reno-Sparks, NV.
Western Regional Biomass Energy Program, pp 81-88.
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Project Title:

Improving the Low-Temperature Properties of Alternative Diesel Fuels: Vegetable Oil-Derived
Methyl Esters

Background: Methyl esters from soybean oil have many fuel properties that make them
attractive alternative diesel fuels. Recent research has shown that operability problems may
develop when fuels systems powered by methyl esters are exposed to ambient temperatures
near freezing (0°C).

Objective: To explore near-term approaches for improving the cold flow of methyl esters and
distillate/methyl ester blends.

Status: August 1996

Accomplishments:
?? The work supports earlier conclusions regarding improving the low-temperature operability of
methyl esters--effective approaches should focus on reducing cloud point.

Participants: U.S. Department of Agriculture-Agricultural Research Service, National Center for
Agricultural Utilization Research

Sponsoring Organization(s): U.S. Department of Agriculture-Agricultural Research Service
Point of Contact: Robert Dunn, USDA-ARS, National Center for Agricultural Utilization

Research, 1815 N. University Street, Peoria, IL 61604, phone 309.681.6413, fax 309.681.6686,
e-mail dunnro@mail.ncaur.usda.gov

Paper:
Dunn, R.O.;M.W. Shockley; Bagby, M.O. (1996). “Improving the Low-Temperature Properties of
Alternative Diesel Fuels: Vegetable Oil-Derived Methyl Esters” (unpublished report).
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Project Title:

Ignition and Combustion Characteristics of Biofuels

Background: Most exhaust emissions are reduced when using biodiesel as an alternative in a
Cl engine in comparison to conventional diesel fuel. An exception is NOy, whose emissions are
at approximately the same level with biodiesel and petrodiesel. NO, emissions are regulated
tailpipe emissions and are precursors of ozone, a major component in urban smog. Ozone is
regulated in ambient air. In order to meet increasingly stringent environmental regulations, it is
necessary to develop techniques for reducing NOy emissions from combustion of biodiesel.
Additives termed cetane improvers are known to reduce NOy emissions in petrodiesel.

Objectives:
?? Identify and evaluate biofuel formulations consisting of fat and oil derived products with
improved combustion properties and exhaust emissions.

Status: September 1994-June 1996

Accomplishments:

?7? Determined the CNs of various fatty compounds and of various potential cetane improving
additives.

?? Found that some cetane improvers have significant potential for use in alternative diesel fuels
obtained from vegetable oils and their derivatives.

?? In some cases, the acids now had higher CNs than the esters, a reversal of previously
known effects.

?? The observations offer the possibility to tailor the cetane improver to the predominant fatty
compound in a mixture.

?? Precombustion samples of various fatty acids and esters were collected and are being
analyzed.

Participants: U.S. Department of Agriculture-Agricultural Research Service, National Center for
Agricultural Utilization Research, Southwest Research Institute

Sponsoring Organization(s): U.S. Department of Agriculture-Agricultural Research Service,
National Center for Agricultural Utilization Research

Point of Contact: Gerhard Knothe, USDA-ARS, National Center for Agricultural Utilization
Research, 1815 North University Street, Peoria, IL 61604; phone 309.681.6417, fax
309.681.6340, e-mail knothegh@mail.ncaur.usda.gov

Paper(s): None available at this time

Additional Information: ARS Project No. 3620-41000-075-01G; CRIS accession #9147020
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Project Title:

Low-Temperature Filterability Properties of Alternative Diesel Fuels from Vegetable Oils

Background: Methyl esters from vegetable oils have many characteristics that make them
attractive alternative fuels for combustion in ClI (diesel) engines. Recent research has shown
that the issue of cold flow properties should be resolved before methyl esters will be an attractive
alternative fuel in moderate temperature climates.

Objectives:

?7? Investigate the low-temperature flow properties of neat methyl esters.

?7? Investigate the apparent effects of methyl esters in middle distillates to understand how low-
temperature flow properties of blends are affected by the presence of methyl esters.

?7? Investigate techniques that improve the cold flow properties of methyl esters and that are
likely to be effective in blends.

Status: 1996

Accomplishments:
?? The research determined that the filterabilities (CFPP and LTFT) of SME, TME, and
SME/TME admixtures without additives showed a linear correlation with CP.
?? Statistical analysis determined that LTFT and CFPP may be estimated directly from the CP.
?? This work also shows that thermal analysis is crucial to the development of alternative diesel
fuels from fats and/or vegetable oils in at least the following two areas:
1. Fundamental studies of the nucleation, growth, and agglomeration as well as morphology
of fatty methyl esters and other derivatives.
2. ldentification and evaluation of approaches for improving low-temperature flow properties
of fatty methyl esters and other derivatives.

Participants: U.S. Department of Agriculture-Agricultural Research Service, National Center for
Agricultural Utilization Research, National Biodiesel Board, and Interchem Environmental

Sponsoring Organization(s): National Biodiesel Board

Point of Contact: Robert Dunn, USDA-ARS, National Center for Agricultural Utilization
Research, 1815 N. University Street, Peoria, IL 61604, phone 309.681.6413, fax 309.681.6686,
e-mail dunnro@mail.ncaur.usda.gov. Ms. Bev Thessen, National Biodiesel Board, P.O. Box
104898, Jefferson City, MO, 65110-4898, phone 573.635.3893, fax 573.635.7913, e-mail
biodiesel@sockets.net.

Paper:

Dunn, R.O.; Baghy, M.O. (1996). “Low-Temperature Filterability Properties of Alternative Diesel
Fuels from Vegetable Oils.” Proceedings of the Third Liquid Fuel Conference; September 15-
17, 1996. St. Joseph, MI: The American Society of Agricultural Engineers, pp. 95-103.
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Project Title:

Low-Temperature Properties of Triglyceride-Based Diesel Fuels: Transesterified Methyl Esters
and Petroleum Middle Distillate/Ester Blends

Background: The notion of developing alternate or emergency diesel fuels from plant oils
and/or animal fats (triglycerides) has been around for some time. Triglycerides have many fuel-
related physical properties that compare well with middle distillates, properties that include gross
hearts of combustion and cetane ratings.

Objectives:

?? This work examines the low-temperature properties of triglyceride-based alternate fuels for
direct-injection CI engines.

?7? Methyl esters from transesterified soybean oil were studied as neat fuels and in blends with
petroleum middle distillates (No. 1 or No. 2 diesel fuels) to determine PP, CP, and kinematic
viscosities.

Status: February 1995

Accomplishments:

?? The petroleum industry routinely uses PPs and CPs to characterize low-temperature
properties of diesel fuels. For blends containing as little as 10 volume % esters, both PP and
CP were significantly affected.

?? From the practical standpoint of clod-flow properties, this results demonstrate the limitation
of blending methyl esters with middle distillates.

?? For blends with at least 50% (by volume) methyl esters, the nature of the remaining liquid
portion of the mixture relative to precipitation is nearly independent of the grade of distillates.

Participants: Oil Chemical Research, U.S. Department of Agriculture-Agricultural Research
Service, National Center for Agricultural Utilization Research

Sponsoring Organization(s): Oil Chemical Research, U.S. Department of Agriculture-
Agricultural Research Service

Point of Contact: Robert Dunn, USDA-ARS, National Center for Agricultural Utilization
Research, 1815 N. University Street, Peoria, IL 61604, phone 309.681.6413, fax 309.681.6686,
e-mail dunnro@mail.ncaur.usda.gov

Paper:

Dunn, R.O.; Bagby, M.O. (1996). “Low-Temperature Filterability Properties of Alternative Diesel
Fuels from Vegetable Oils.” Proceedings of the Third Liquid Fuel Conference; September 15-
17, 1996. St. Joseph, MI: The American Society of Agricultural Engineers; pp. 95-103.
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Project Title:

National Alternative Fuels Laboratory--Phase V

Background: This project was designed to perform “load and purge” testing of commercial
sorbents with oxygenated and base-fuels. It will also analyze sorbent breakthrough vapors with
Fourier transform infrared spectroscopy (FTIR) analysis, heat biodiesel samples in simulated
fuel injector according to specific temperature program, and analyze and compare before-and
after-heating fuel samples with gas chromatography/ mass spectrometry, mix a series of
ethanol-gasoline blends of increasing ethanol concentration using ethanol denatured with
different chemicals and analyze fuels with FT-K and publish research results in scientific
journals and present findings and other biomass-derived fuel information at meetings and
conferences.

Objectives:

?? Evaluate and compare automobile fuel evaporation canister sorbent performance with
vapors from oxygenated (with alcohols and ethers) fuels and base fuels.

?? Investigate chemical stability of biodiesel fuels at vehicle engine fuel-injection temperatures;

?? Evaluate effect on Reid vapor pressure of hydrogen bonding between ethanol molecules in
ethanol-blended gasolines.

?? Disseminate research results and other information on biomass-derived fuels.

Status: May 1995-April 1996

Accomplishments: Recent NAFL research on how the performance and capacity of fuel
evaporation canister sorbents are affected by vapors from ethanol blends indicated that ethanol
vapor breakthrough occurs significantly later than gasoline hydrocarbon vapor breakthrough.
Findings from the work are reported in SAE Paper No. 952748 (see Section 87). Because of
published fuel volatility work, the NAFL was contacted by the South Dakota State University
Aviation Education Department to develop an ethanol-based fuel for piston engine aircraft
(representing an annual market of about 650 million gallons). The NAFL has been working with a
major oil company to obtain samples of refinery streams that meet economic and chemical
criteria. Preliminary volatility and octane-rating test results are positive and indicate high viability
of a blend of approximately 85% ethanol and 15% pentane isomerate (a relatively high-volatility
gasoline blend stock).

Participants: Energy & Environmental Research Center, University of North Dakota,

Sponsoring Organization(s): U.S. Department of Agriculture-Cooperative State Research,
Education, and Extension Service

Point of Contact:
C.L. Knudson, Energy & Environmental Research Center, University of North Dakota, Grand
Forks, ND 58202, phone 701.777.3341.

Papers:

Grisanti, A.A.; Altlich, T.R.; Knudson, C.L. (1995). “Gasoline Evaporative Emissions-Ethanol
Effects on Vapor Control Canister Sorbent Performance.” In Proceedings of the 1995 Society of
Automotive Engineers International Fuels Conference.
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Kellner, T., K. Neusen, D. Bresenham, M. Pike, D. Rose. (University of Wisconsin at Milwaukee-
Center for Alternative Fuels), “Laboratory Study of the Effects of Reformulated Gasoline on Motor
Vehicle Fuel Economy in Southwestern Wisconsin.”

Gerlach, T.R. “Ethanol Work at the EERC National Alternative Fuels Laboratory,” ACE Pace
Newsletter 1996, Spring (American Coalition for Ethanol. Sioux Falls, South Dakota).

Gerlach, T.R. and T.R. Aulich. “The Energy & Environmental Research Center National
Alternative Fuels Laboratory,” The Energy Independent 1996, May (Bryan & Bryan Incorporated,
Cotopaxi, CO).

Gerlach, T.R. and T.R. Aulich. “Red River Valley Clean Cities to Anchor Northern End of
Midcontinent Trade Corridor,” Drive, U.S. Department of Energy Clean Cities Program,
Alternative Fuels Division of the National Renewable Energy Laboratory.

Additional Information: CRIS Accession No.: 91722542
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Project Title:

National SoyDiesel Development Board Standards for Biodiesel

Background: Biodiesel is a clean-burning, renewable, nontoxic, biodegradable, and
environmentally friendly transportation fuel. In the United States, commercialization of biodiesel
is supported by oilseed and other potential biodiesel feedstock producers and processors. The
NBB was formed to develop fuel standards for biodiesel and to determine the engine
performance and emissions standards for this fuel.

Objective: To ensure successful marketing of SoyDiesel and biodiesel.

Status: Completed 1993

Accomplishments:

?? This project provided supported regulatory and legislative analysis of policies pertaining to
motor fuels that could affect biodiesel.

Participants: American Biofuels, Information Resources, Inc., National Biodiesel Board

Sponsoring Organization(s): National Biodiesel Board

Point of Contact: William Holmberg, American Biofuels Association, 1925 N. Lynn Street, Suite
1050, Arlington, VA 22209; phone 703.522.3392, fax 703.522.4193.

Paper(s):

Holmberg, W.C.; Gavett, E.E.; Merrill, P.N.; Peeples, J.E. (1993). “National SoyDiesel
Development Board Standards for Biodiesel” Proceedings of the First Biomass Conference of
the Americas: Energy, Environment, Agriculture, and Industry, vol. 1l, August 30-September 2,
Burlington, VT. Golden: The National Renewable Energy Laboratory, pp. 876-890.
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Project Title:

Nonfood Agricultural Products Project

Background: A market analyst will be hired to help the interim director identify niche markets for
products developed from agricultural commodities and processes developed for isolating,
converting, and using products. Research will be initiated in the area of incorporating starch into
plastic films and a process for making starch-based foam plastic products will be scaled up. A
demonstration unit for expressing oil from crambe seed and possibly milkweed seed will be
developed. Improvement of the fermentation process for producing ethanol and the downstream
processing of ethanol will be studied. Use of nonconventional feedstocks will be an emphasis.
New fuels will be tested as they are developed for engine compatibility.

Objectives:

?? Identify niche markets for industrial use of agricultural-based products.

?? Improve and develop conversion processes as needed for specific product isolation and use.
?? Provide technical, marketing, and business assistance to industries.

The specific program areas identified for initial emphasis are polymer products such as starch-
based and protein-fortified plastics, oil-based products such as high-erucic acid oils and
microemulsion fuels, fermentation products such as ethanol and ETBE, and meat animal by-
products such as hides and rumen contents.

Status: January 1993-October 1994.

Accomplishments:
This project has had specific annual goals pertaining to development of starch-based plastic
foams, protein films, corn-whey fermentations, acetone-butanol-ethanol fermentations/
separations, and beef tallow and soybean oil biodiesel fuels. Although most of these projects
have not been completed, several significant accomplishments can be identified:
?? A patent is pending on a starch-based plastic foam.
?? A patent application is being prepared on a continuous corn-whey fermentation process.
?? A continuous starch liquefaction process has been developed for use in fermentation
processes.
?? Significant grant support has been obtained as a result of start up funding through this
project.
?? Significant progress has been made on
(a) protein films
(b) emissions testing of biodiesel fuels
(c) use of soybean oil as a drip oil for irrigation pumps
(d) membranes for improved fermentation separations.

Participants: Industrial Agricultural Products Center, University of Nebraska, U.S. Department
of Agriculture-Cooperative State Research, Education, and Extension Service

Sponsoring Organization(s): U.S. Department of Agriculture-Cooperative State Research,
Education, and Extension Service, Nebraska

Point of Contact: Milford Hanna, Director, Industrial Agricultural Products Center, 211 LW
Chase Hall, University of Nebraska-Lincoln, Lincoln, NE 68583-0730, phone 402.472.1624.
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Papers:
Ali, Y. and M.A. Hanna (1994). “Physical Properties of Tallow Ester and Diesel Fuel Blends.”
Bioresource Technology 47:131-134.

Bhatnagar, S. and M.A. Hanna (1995). “Physical, Mechanical, and Thermal Properties of Starch-
Based Plastic Foam.” Trans. of the ASAE. Accepted Dec. 15, 1994.

Qureshi, N., M.M. Meagher, and R.W, Hutkins (1994). “Recovery of 2,3-Butanediol Byvacuum
Membrane Distillation.” Sep. Sci. Technol. 29:1733-1748.

Zhou, K.P., H.H. Yang, and K.M. Shahani (1993). “Ethanol Production by Continuous

Cofermentation of Whey and Corn.” Presented at Tenth International Symposium on Alcohol
Fuels, Colorado Springs, CO. Nov. 7.
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Project Title:

Oxidative and Thermal Stability Testing Method(s) for Biodiesel

Background: A lack of applicable test methods for oxidative stability needs to be resolved to
arrive at proper ASTM certification for biodiesel. At present, European and some U.S. engine
manufacturers are using the iodine value as an indicator of oxidative stability. The iodine value
measures the total number of double bonds in the fatty acid chain without respect as to how they
are distributed among or within the chains or the impact of the double bonds on fuel stability-
related properties.

Objectives:

?? Provide documentation for selecting stability methods for biodiesel by conducting a literature
search on the importance of oxidative and thermal stability of fuel on diesel engine
performance.

?? Identify and evaluate potential analytical measurement techniques for oxidative and thermal

stability.

Perform limited proof-of-concept bench scale testing of recommended methods.

Develop a round-robin test matrix protocol that will correlate test results obtained by the

selected analytical methods with actual fuel injection equipment and engine performance in

the field.

NN

Status: July 1997-June 1998
Accomplishments: Work in progress

Participants: National Renewable Energy Laboratory, National Biodiesel Board, and Southwest
Research Institute

Sponsoring Organization: U.S. Department of Energy Office of Fuels Development

Point of Contact Dr. K. Shaine Tyson, National Renewable Energy Laboratory, 1617 Cole Blvd.,
Golden, CO 80401, phone 303.275.4616, fax 303.275.4675, e-mail tysonk@tcplink.nrel.gov.

Papers:

Oxidative Stability Literature Review Report (forthcoming)

Potential Analytical Measurement Techniques for Oxidative and Thermal Stability Report
(forthcoming)

Recommended Rating System and Analysis Report (forthcoming)

Recommendations for Stability Method(s) for Biodiesel, Letter Report (forthcoming)
Round-Robin Test Protocol Report (forthcoming)
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Project Title:

Properties of Alternative Fuels

Background: The passage of EPAct generated a need for sound information on alternative
transportation fuels to enable fleet managers to make intelligent choices when deciding how to
comply with the Act. Little comparitive information was available to help fleet managers
understand the properties of various alternative fuels. The lack of information on this topic was
the genesis of this project.

Objective: To provide data on the properties of various fuels, including biodiesel.
Status: Part of a multiyear contract.

Accomplishments:
?? Study prepared in 1994.

Participants: Battelle Memorial Labs, Federal Transit Administration, Office of Technical
Assistance

Sponsoring Organizations(s): Federal Transit Administration, Office of Technical Assistance
and Safety

Point of Contact: Michael J. Murphy, Battelle Memorial Labs, 505 King Avenue, Columbus, OH
43201-2693, phone 614.424.4846, fax 614.424.5069.

Papers:
Properties of Alternative Fuels, October 1994.
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Project Title:

Rapeseed and Safflower Oils as Diesel Fuels

Background: During the past decade the United States has become increasingly dependent
upon imported oil to meet our energy demands. Nearly 50% of our petroleum is imported.
Research has shown that agricultural crops can be used to reduce this dependence. The
University of Idaho research team has pioneered the use of rapeseed oil as a diesel fuel
substitute. This project, aimed for use of safflower oil in railroad engines, involves genetics,
agronomics, economics, and contract engine testing.

Objectives:

?? Research more cost-effective breeding for specific oil components and improve coproducts.
?? Seek havester methods that will reduce seed dame.

?? Investigate ways to extract faster for more complete oil.

Status: Completed

Accomplishments:

?? The diesel-fueled engine had the most power at first, and the totally ester-fueled engine the
least, but by the end of the test, both biodiesel and a half-and-half fuel were producing more
power than petroleum diesel.

?? Fewer wear particles of iron, aluminum, chromium, and lead were found in the lube oil of
biodiesel-fueled engines, possibly because of different combustion-chamber pressures.

?? The diesel-fueled engine had more deposits on valve seats and heavier black deposit in
combustion chamber. Piston rings were equally free in all engines; oil rings on the diesel-
fueled engine had more deposit.

?? There were no significant problems in producing the amount of biodiesel used in the tests.

Participants: University of Idaho
Sponsoring Organization(s): University of Idaho
Point of Contact: Dr. Charles Peterson, Department of Agricultural Engineering, University of

Idaho, Moscow, ID 83844, phone 208.885.7906, fax 208.885.8923, e-mail
peterson@novell.uidaho.edu.

Paper(s):

Peterson, C.L.; Haines, H.; Chase, C. (1993). Rapeseed and Safflower Oils as Diesel Fuels.
Proceedings of the First Biomass Conference of the Americas: Energy, Environment,
Agriculture, and Industry, vol. Il, August 30-September 2, Burlington, VT. Golden: The National
Renewable Energy Laboratory; pp. 922-927.
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Project Title:

Rapeseed as an Agricultural Fuel

Background: Not available.

Objectives:

?? Develop higher yielding rapeseed cultivators with fatty acid composition suitable for diesel
fuel and coproducts.

?? Develop more efficient and environmentally acceptable processes for converting rapeseed
oil to diesel fuel and associated coproducts.

?7? Develop more efficient methods and technology for storing, handling, and using diesel fuel
from rapeseed.

?? Assess economic costs and potential benefits associated with producing and using
rapeseed oils as a fuel extender.

Status: 1993

Accomplishments:

?? Two winter plant selections have been identified that have high seed yield, high percentage of
oil content, and very high levels of erucic acid.

?? Conducted on-road test with two pickups operating on biodiesel blends

Participants: University of Idaho, U.S. Department of Agriculture-Agricultural Research Service

Sponsoring Organization(s): University of Idaho, U.S. Department of Agriculture-Agricultural
Research Service

Point of Contact: Dr. Charles Peterson, Department of Agricultural Engineering, University of
Idaho, Moscow, Idaho 83844, phone 208.885.7906, fax 208.885.8923, e-mail
peterson@novell.uidaho.edu.

Paper(s):

Peterson, C.L.; Brown, J.; Guerra, D.; et al. (1993). Rapeseed Qil as Diesel Fuel an Overview.
Proceedings of the First Biomass Conference of the Americas: Energy, Environment,
Agriculture, and Industry, vol. I, August 30-September 2, Burlington, VT. Golden: The National
Renewable Energy Laboratory; pp. 916-921.
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Project Title:

Tallow/Diesel Blend

Background: ORTECH was contracted to evaluate a 20%/80% tallow/diesel blend in a DDC
6V-92TA engine. The work was carried out in conjunction with another project, which was
conducted at ORTECH for Fosseen Manufacturing and Development.

Objective: To document emissions, specifically NOy, at steady-state and transient conditions.

Status: July 1993

Accomplishments:

?? For both rated power and peak torque, a small drop in power and torque, respectively, was
observed.

?? THC and CO showed trends toward a reduction similar to the finding with the biodiesel
blends.

Participants: ORTECH, Fosseen Manufacturing and Development

Sponsoring Organization(s): Fosseen Manufacturing and Development

Point of Contact: Wendel Goetz, Transportation Systems, ORTECH International, 395
Speakman Drive, Mississauga, ON L5K 1B3, phone 905.822.4111, fax 905.823.1446.

Paper(s):

Goetz, W. (July 1993). Evaluation of a Tallow/Diesel Blend in a DDC 6V-92TA Engine.
Radcliffe, IA: Fosseen Manufacturing & Development. Work performed by Ortech International,
Mississauga, Ontario
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Project Title:

The Influence of Various Oxygenated Compounds on the Cetane Numbers of Fatty Acids and
Esters

Background: CN is one of the prime indicators of the quality of a diesel fuel. Two compounds
have been selected as references for the cetane scale.

Objectives:
?7? Determine the relative CNs of several esters of some common acids.
?? Investigate the influence of potential cetane-improving additives.

Status: Completed

Accomplishments:
?? The CNs of fatty compounds depend on their structure.

?? Three is great potential for improving the CN and the combustion of fatty compounds by
means of such oxygenated additives.

Participants: Southwest Research Institute
Sponsoring Organization(s): U.S. Department of Agriculture

Point of Contact: Gerhard Knothe, U.S. Department of Agriculture-Agricultural Research
Service, National Center for Agricultural Utilization Research, 1815 North University Street,
Peoria, IL 61604, phone 309.681.6417, fax 309.681.6340, e-mail knothegh@mail.ncaur.usda.gov

Paper(s):

Knothe, G.; Bagby, M.O.; Ryan, T.W. lll. (1996). “The Influence of Various Oxygenated
Compounds on the Cetane Numbers of Fatty Acids and Esters.” Proceedings of the Third Liquid
Fuels Conference, September 15-17, Nashville, TN. Liquid Fuels and Industrial Products from
Renewable Resources, pp. 54-58.
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Project Title:

The Physical Characterization of Biodiesel/Low Sulfur Diesel Fuel Blends

Background: The possibility of a biodiesel and low-sulfur diesel blend being classified as an
alternative fuel calls for detailed information on physical- and chemical-fuel blends ranging from
100% biodiesel to 100% low-sulfur diesel fuel.

Objectives:

?? Analyze fuel related variables for blends of 20%, 30%, 50%, and 70% biodiesel/diesel fuel
blends.

?7? Determine whether the fuel analysis yields a linear response when compared to 100%
biodiesel and 100% diesel fuel.

?? ldentify a range of values that can be expected for various fuel related variables when
analyzing blends of biodiesel and diesel fuel.

Status: Completed December 30, 1995

Accomplishments:

?? The various blends of biodiesel and low-sulfur diesel were systematically characterized, and
correlations between the fuel properties were derived.

?? The physical and chemical characteristics were tabulated for each fuel blend.

?? The analysis determined that simple mathematical interpolation methods could be used to
predict some of the fuel blends’ characteristics.

Participants: Cleveland Technical Center, MFA Oil Company, University of Missouri-Department
of Agricultural Engineering, and U.S. Environmental Protection Agency

Sponsoring Organization(s): National Biodiesel Board, University of Missouri Department of
Agricultural Engineering

Point of Contact: Ms. Bev Thessen, National Biodiesel Board, P.O. Box 104898, Jefferson City,
MO, 65110-4898, phone 573.635.3893, fax 573.635.7913, e-mail biodiesel@sockets.net.

Paper:
Schumacher, L. (1995). The Physical and Chemical Characterization of Biodiesel/Low Sulfur
Diesel Fuel Blends. NBB # 52019-1. Jefferson City, MO: National Biodiesel Board.
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Project Title:

Transesterification Process to Manufacture Ethyl Ester of Rape Oll

Background: A process for the production of the ethyl ester of winter rape for use as a
biodiesel fuel has been studied. The essential part of the process is the transesterification of
rape oil with ethanol, in the presence of a catalyst, to yield the ethyl ester.

Objectives: To optimize conditions for the transesterification of rape oil to produce ethyl ester of
winter rape.

Status: Completed

Accomplishments:
?? The economic viability of REE can be improved if lower-value oil feedstocks can be obtained.

?? Conditions were identified that ensure the successful completion of the transesterification
process.

Participants: University of Idaho
Sponsoring Organization(s): U.S. Department of Agriculture-Agricultural Research Service

Point of Contact: Dr. David Drown, 308 Buchanan Engineering Lab, Chemical Engineering
Dept, University of Idaho, Moscow, ID 83844-1021, phone 208.885.7848, fax 208-885-7467, e-
mail ddrown@uidaho.edu

Paper:

Korus, R.A.; Hoffman, D.S.; Peterson, C.L.; et al. (1993). Transesterification Process to
Manufacture Ethyl Ester of Rape Oil. Proceedings of the First Biomass Conference of the
Americas: Energy, Environment, Agriculture, and Industry, vol. I, August 30-September 2,
Burlington, VT. Golden: The National Renewable Energy Laboratory; pp. 815-826.

73



Biodiesel Research Progress: 1992-1997

Project Title:

Vegetable Oils as Alternative Diesel Fuels

Background: After the fuel crises of the 1970s and 1980s, vegetable oils and derivatives
thereof were among the materials extensively investigated as alternative diesel fuels. The
multitude of problems associated with the use of vegetable oils, however, has up to the present
time prevented their use as a fuel in diesel engines. Besides their current noncompetitive price,
vegetable oils used in a diesel engine create a variety of practical problems largely resulting from
incomplete combustion but characterized by nozzle choking, engine deposits, lube oil dilution,
ring sticking, and lubricant failure due to polymerization of the vegetable oil. Despite these
drawbacks, vegetable oils have remained attractive candidates as alternative diesel fuels
because they are renewable resources with relatively high heat values.

Objectives:
?? Study in detail the chemistry of vegetable oils under conditions in a diesel engine.
?? Study the reactions occurring during this precombustion phase.

Status: 1992

Accomplishments:

?? Researchers found that reaction rates are very high.

?? They noticed better than expected ignition quality of the triglycerides.

?? The results showed that compounds found in the emissions of diesel engines can arise
during the precombustion phase in a diesel engine and survive it.

Participants: Southwest Research Institute
Sponsoring Organization(s): U.S. Department of Agriculture, Southwest Research Institute

Point of Contact: Gerhard Knothe, U.S. Department of Agriculture-Agricultural Research
Service, National Center for Agricultural Utilization Research, 1815 North University Street,
Peoria, IL 61604; phone 309.681.6417, fax 309.681.6340, e-mail knothegh@mail.ncaur.usda.gov

Paper(s):

Knothe, G.; Bagby, M.O.; Ryan, T.W.; Callahan, T.J.; Wheeler, H.G. (1992). “Vegetable Oils as
Alternative Diesel Fuels: Degradation of Pure Triglycerides during the Precombustion Phase in
a Reactor Simulating a Diesel Engine. Alternative Fuels for Cl and Sl Engines (SP-900);
February 24-28, Detroit Ml. SAE # 920194. Warrendale, PA: Society of Automotive Engineers,
pp. 37-63.
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B. Material Compatibility
Also see the following projects:
Error! Reference source not found.

Third Workshop: Commercialization of Biodiesel: Producing a Quality Fuel
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Project Title:

Materials Compatibility, Fuel Blend Characteristics, Engine Dynamometer Evaluation

Background: After reviewing available literature, it was determined that field testing was
necessary to verify the apparent compatibility of materials with 20% and 30% biodiesel.

Objectives:

?? Examine the compatibility of neat biodiesel and biodiesel blends with materials commonly
encountered in storage and fuel systems.

?? Examine fuel blend characteristics in terms of filterability, emulsification, storage/thermal
stability, lubricity, inspection, and compatibility in blends, with additives, or as a mix. A ten-
fuel matrix is being evaluated that included neat biodiesel, low-sulfur diesel, off-road diesel,
and JP-8.

Status: July 1994-May 1996.

Accomplishments:

?? Storage of neat biodiesel showed property changes in elastomers, and coating of metal
coupons with corrosive properties when stored with biodiesel blends. Further testing will be
performed to determine fuel blend characteristics.

?? After 3 months of storage, several of the samples are showing sediment formation and fuel
discoloration. Some brass and copper coupons are being coated with corrosion-like
products when stored with biodiesel blends.

?? Fuel filters form the DDC 6V-53T engine, GM 6.2L engine, and the coalescer and separator
filters from the M1A1 are being stored for 0, 1,3, and 6 months at 52°C (125°F). Flow and
filter efficiency will be determined after storage with the test fuels.

Participants: Department of the Army-Mobility Technology Center, Tank Automotive Research
Development Engineering Center (TARDEC), Fuels and Lubricants Facility at SwRI

Sponsoring Organization: U.S. Department of Agriculture-Cooperative State Research,
Education, and Extension Service

Point of Contact: Edward A. Frame, TARDEC Fuels and Lubricants Research Facility,
Southwest Research Institute, 6220 Culebra Road, San Antonio, TX 78238-5100, phone
210.684.2515, fax 210.522.3270, e-mail eframe@swri.org

Papers:

Frame, E.A. (May 1996). Investigation of Biodiesel Fuel Technology for Military Application.
U.S. Army TARDEC Fuels and Lubricants Research Facility. Work performed by Southwest
Research Institute, San Antonio, TX.

Frame, E.A., G.B. Bessee, and H.W. Marbach, Jr. (1997) Biodiesel Fuel Technology for Military
Application--Interim Report . Published by TARDEC Fuel s and Lubricants Facility at Southwest
Research Institute (TF-LRF, No. 317), San Antonio, TX.

Bessee, G.B. and J.P. Frey. (1997) Compatibility of Elastomers and Metals in Biodiesel. SAE
Paper No. 971690.
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C. Wear Lubricity

Also see the following projects:

Alternative Fuels and Lubricants from Rapeseed

Error! Reference source not found.

Industrial Agricultural Products Center

Materials Compatibility, Fuel Blend Characteristics, Engine Dynamometer Evaluation

Third Workshop: Commercialization of Biodiesel: Producing a Quality Fuel
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Project Title:

Biodiesel Lubricity Quantification--Low Blends

Background: In some diesel engines, the diesel fuel is used as the means to provide
lubrication of some of the moving parts, mainly rotary fuel pumps. The 1993 introduction of low-
sulfur diesel caused a series of problems, some of which were poor lubricity. However,
research has indicated that biodiesel has significant lubricity benefits. This research examines
the lubricity of low-level biodiesel blends and compares the results to commercial lubricity
additives.

Objective: To define the effects of increasing concentration of biodiesel on various diesel fuels
available in the market today using the latest lubricity test methods available in 1997.

Status: Extended to September 30, 1997

Accomplishments:

?? Biodiesel with both No. 1 and No. 2 diesel fuel showed substantial lubricity improvements
with percentages of biodiesel below 1% using both the HFRR and the SLBOCLE.

?? Results on blends of No. 1 and No. 3 diesel with biodiesel using the SLBOCLE were mixed--
this is likely due to the inherent analytical variability associated with the test methods.

?? Stannadyne, a leading diesel fuel pump manufacturer who ran the HFRR testing, suggested
the addition of 2% biodiesel would solve the lubricity problems being experienced in
petrodiesel fuels today.

Participants: Williams Pipeline, National Biodiesel Board
Sponsoring Organization(s): National Biodiesel Board

Point of Contact: Ms. Bev Thessen, National Biodiesel Board, P.O. Box 104898, Jefferson City,
MO, 65110-4898, phone 573.635.3893, fax 573.635.7913, e-malil biodiesel@sockets.net.

Paper: Under review.
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Project Title:

Biodiesel Lubricity--1993

Background: Failures resulting from the introduction of low-sulfur (0.05%, down from 0.5%)
diesel fuel in 1993 have been attributed to poor fuel lubricity. Others have attributed the problem
to a material compatibility problem with various gaskets. This project set out to determine the
latest technical information on the causes of the problems, and biodiesel’s potential impact in
providing solutions.

Objectives:

?? Provide the biodiesel industry with quantification of the lubricity properties of biodiesel and
biodiesel blends in order to address the concerns of lubricity and pump failures with recent
low-sulfur diesel fuel.

?? Provide an analysis of the likely effects of biodiesel on gasket swelling or shrinkage.

?? Compare these results with those of conventional low-sulfur diesel to determine whether
there is any lubricity, component wear, or gasket swelling competitive advantage for biodiesel
blends.

Status: October 1994

Accomplishments:

?? Using the 1993 version of the Ball on Cylinder Lubricity Evaluator, test results showed a
substantial lubricity improvement with as little as 10% biodiesel. Results at blends lower
than 10% were inconclusive.

?? Some diesel problems have been attributed to the shrinkage of fuel pump gaskets when
exposed to low-sulfur diesel, resulting in serious leakage. Further study is needed to
determine biodiesel’s effect on these particular gaskets.

?? Although gasket shrinkage is responsible for some problems experienced in 1993-1994, poor
fuel lubricity is also causing increased pump wear and maintenance according to fuel pump
manufacturers.

Participants: MARC-IV Consulting, Inc and University of Missouri

Sponsoring Organization(s): National Biodiesel Board

Point of Contact: Steve Howell, MARC-IV Consulting, Inc, 16200 Northridge Road, Kearney,
MO, 64060, phone 816.635.5772, fax 816.635.4836, e-mail showell@marciv.com. Ms. Bev

Thessen, National Biodiesel Board, P.O. Box 104898, Jefferson City, MO, 65110-4898, phone
573.635.3893, fax 573-635-7913, e-mail biodiesel@sockets.net.

Paper:
Howell, S.A. (1995); “Lubricity, The Biodiesel Advantage.” ASAE Annual International Meeting,
June 18-23, 1995, MARC-IV Consulting, Inc, Kearney, MO.

Schumacher, L.G.; Howell, S.A. (1994). “Lubricating Qualities of Biodiesel and Biodiesel

Blends.” Proceedings of the 6th National Bioenergy Conference, vol. |, Bioenergy ‘94, Reno-
Sparks, NV. Western Regional Biomass Energy Program, pp. 113-119.
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Project Title:

Engine Oil Literature Search and Summary

Background: Engine manufacturers desire further information on the use of biodiesel as it
relates to engine oil viscosity, acidity, and dilution. This research project was designed to
compile the available data relating to biodiesel’s impact on engine oil parameters.

Objectives:

?? Review biodiesel research available from the NBB field demonstrations, ASAE, SAE, and
other sources relating to analysis of engine lubricating oil while engines were fueled on
biodiesel or biodiesel blends.

Analyze the research for its technical accuracy and validity.

Identify the methodology for testing engine oil dilution and its applicability to biodiesel.
Provide a project included summarizing all engine oil testing analyses.

SN

Status: September 1, 1996-August 31, 1997

Accomplishments:

?? All biodiesel research available from the NBB and other biodiesel-related research was
reviewed.

?? The technical accuracy of the historical research on engine lubricating oil by the
aforementioned groups was determined.

?? In cooperation with engine analysis laboratories, researchers identified the appropriate
methodology to analyze engine lubricating oil diluted with biodiesel.

Participants: State of Indiana and University of Missouri-Columbia
Sponsoring Organization(s): National Biodiesel Board and the State of Indiana

Point of Contact: Ms. Bev Thessen, National Biodiesel Board, P.O. Box 104898, Jefferson City,
MO, 65110-4898, phone 573.635.3893, fax 573.635.7913, e-malil biodiesel@sockets.net; Dr.
Leon Schumacher, University of Missouri Columbia, 235 Agricultural Engineering Bldg.,
Columbia, MO 65211, phone 573.882.2126, fax 573.884.5650, e-mail
leon_schumacher@muccmail.missouri.edu.

Paper:
Schumacher, L.G. (1996). Engine Oil Impact Literature Search and Summary. NBB: 96-218.
Jefferson City, MO: National Biodiesel Board.
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Project Title:

Program Management and Planning for Advanced Materials from Renewable Resources

Background: This project encompassed a number of research areas including biodiesel,
functional fluids, lubricants, surfactants, as well as the production of nylon 13,13, from high
erucic acid oils.

Objectives:

?? Develop and manage industrial use programs primarily for use of oil seed materials for the
production of products to include biodiesel fuels, functional fluids, lubricants, and surfactants.

?? Facilitate functional testing of these materials, particularly by the military.

?? Conduct pilot plant process scale-up for the production if nylon 13,13 from high erucic acid
oils.

Status: Project was initiated in September 1993 and is scheduled to be completed in
September 1997.

Accomplishments: Work under this project included:

?? Represented CSREES and its contractors to the NBB at its meetings and functions.

?7? Worked with the Army Tank/Automotive Command on the use of biodiesel and oilseed
derived lubricants in military applications, and interacted with USDA subcontractors with the
AMRR Program.

?7? Reviewed the Department of Defense “Green Book” for opportunities for placement of
agriculturally derived industrial products into the military market and representing the
CSREES in an international delegation studying the edible oils industry in the People's
Republic of China.

?? Designed and constructed a motionless mixer loop reactor system for the production of fatty
acid esters and diacids, measurement of engineering properties for fatty acid methyl esters,
and production of polyesters from vegetable oils.

Participants: Biological Systems Engineering and University of Nebraska, Lincoln

Sponsoring Organization(s): U.S. Department of Agriculture-Cooperative State Research,
Education, and Extension Service

Point of Contact: L.D. Clements, Biological Systems Engineering, University of Nebraska,
Lincoln, NB, phone 402.472.0177.

Papers:

Pickrell, A.M. and L.D. Clements (1995). “Modeling of soybean oil bleaching using a surface
diffusion relationship.” Submitted to Journal of American Oil Chemists’ Society.
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Project Title:

Small Engine Lubrication Oil Testing Two Cycle Outboard Engines

Background: When using outboard motors, petroleum products are discharged directly into
water, thus having a negative environmental impact. Testing on biodiesel oil as a replacement
for petroleum based products would help to reduce this environmental hazard.

Objectives:

?? Study and evaluate the opportunity for using methyl soyate as a 100% replacement of
petroleum-derived lubrication oils in small two cycle outboard engines.

?? Evaluate the differences in water dispersion and bio-degradability of a commercial petroleum
two-cycle lubricating oil and SME.

Status: Completed on October 31, 1994

Accomplishments:

?? The research found engines operating on SME ran for only 9 hours before the bottom piston
lost compression because the SME dissolved the engine block sealant.

?? The lubricity of SME was satisfactory and shows SME to be a viable alternate lubrication oil
for use in two-cycle engines.

?? Additional research needs to be conducted to make SMEs more chemically compatible and
stable.

Participants: Brabmij Inc. and National Biodiesel Board
Sponsoring Organization(s): National Biodiesel Board

Point of Contact: Ms. Bev Thessen, National Biodiesel Board, P.O. Box 104898, Jefferson City,
MO, 65110-4898, phone 573.635.3893, fax 573.635.7913, e-mail biodiesel@sockets.net.

Paper:
Gardner, J.M. (1994). Small Engine Lubrication Oil Testing Two Cycle Outboard Engines Final
Report NBB No. 252-1. Jefferson City, MO: National SoyDiesel Development Board.
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Project Title:

The Relationship between Fuel Lubricity and Diesel Injection System Wear

Background: The U.S. Army is using highly refined aviation turbine fuels in its ground tactical
fleet. Such fuels commonly have both decreased viscosity and lubricity when compared to
diesel. There is currently no recognized standard to define the lubricity requirements of the
injection systems on compression ignition equipment. However, increased failure rates reported
during Operation Desert Shield/Storm, as well as the results of previous bench wear tests,
indicate that there may be a problem.

Objectives:
?7? Develop bench tests reflecting the lubricity requirements of the fuel injection system.
?? Define a minimum lubricity requirement.

Status: September 1, 1990-November 1, 1991 (January 1992 report)

Accomplishments:

?? The durability of the Stanadyne fuel injection pump is highly dependent on fuel lubricity, and
severe wear was observed with neat Jet A-1 at 1707 (777C).

?7? The DCI-4A additive (equivalent to JP-8) measurably reduced fuel-related wear to a level
similar to that seen with diesel.

?? Use of low-viscosity fuels at high temperatures may contribute to hot-restart problems

Participants: Belvoir Fuels and Lubricants Research Facility of Southwest Research Institute

Sponsoring Organization(s): U.S. Army Belvoir Research, Development and Engineering
Center, Logistics Equipment Directorate

Point of Contact: P.l. Lacey, Belvoir Fuels and Lubricants Research Facility, Southwest
Research Institute; 6220 Culebra Road, San Antonio, TX 78238-5166; T.C. Bowen, phone
703.664.3576.

Paper(s):

Lacey, P.l. (1992). The Relationship between Fuel Lubricity and Diesel Injection System Wear.
DAAK 70-87-C0043. Fort-Belvoir, VA: U.S. Army Belvoir Research, Development, and
Engineering Center. Work performed by Belvoir Fuels and Lubricants Research Facility,
Southwest Research Institute, San Antonio, TX.
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Project Title:

Use of Biodegradable, Seed-Based, Automotive Engine and Transmission Lubricants, Industrial
Lubricants, and Chemical Additives

Background: The Alternative Agricultural Research and Commercialization (AARC)
Corporation, a wholly owned government corporation of USDA, is a venture capital firm that
makes investments in companies to help commercialize bio-based industrial products (non-
food, non-feed) from agricultural, forestry materials, and animal by-products. AARC is helping a
company, International Lubricants, Incorporated, to develop new technologies using vegetable oil
materials.

Objectives: To substitute vegetable oil materials such as crambe, rapeseed oil, and jojoba oil in
place of automotive engine and transmission lubricants, industrial lubricants, and chemical
additives.

Status: Ongoing marketing effort of a variety of biodegradable, seed-based automotive engine
and transmission lubricants, industrial lubricants, and chemical additives.

Accomplishments:

?? The company has a line of products available commercially including: Automatic
Transmission Fluid, Bio/Tech Engine Protectant, Valve and Assembly Lubricant, All Purpose
Lubricant, Gear Fluid Supplement, Two-Cycle Oil, Power Steering Fluid Supplement,
Forming Paste, Water Soluble Cutting Oil, Hydraulic Fluid Supplement, Dry Film Lubricant,
Gear Fluid Supplement, Wire Rope Lubricant, and other unlisted products.

?? A research team, in conjunction with USDA, developed a revolutionary new technology using
vegetable oil materials, Liquid Wax Esters, which have been proven to outperform sperm
whale oil.

Participants: International Lubricants, Inc.

Sponsoring Organization(s): Alternative Agricultural Research and Commercialization
Corporation, U.S. Department of Agriculture

Point of Contact: Ron Buckhalt, U.S. Department of Agriculture/AARC, 14th and Independence
Avenue, S.W., Room 0156, South Building, Washington, D.C. 20250-0400, phone 202.690.1633.
International Lubricants, Inc., 7930 Occidental South, Seattle, WA 98108, phone 206.762.5343.

Papers:
Source Book 1997. Alternative Agricultural Research and Commercialization Corporation.

Additional Information:
AARC Home Page: http://www.usda.gov/aarc.
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Project Title:

Use of Vegetable Oil as Fuel for Compression Ignition, Internal Combustion Engines

Background: A truck with compression-ignition engine will be used for over-the-road and farm
activities, Lubricating oil samples will be taken at regular intervals to identify unusual engine
wear. Emission samples will be taken at regular intervals to evaluate air pollution. At the end of
the test period, the engine will be disassembled to visually inspect for unusual wear. Fuel-
heating devices, chemical additives, and diesel fuel blends will be investigated. A trailer-
mounted system of equipment will be developed to esterify vegetable oil.

Objective:

?? Evaluate effects of biodiesel fuel on engine wear over long-term, load-varying conditions.
?7? Develop equipment and techniques to facilitate low-temperature use of biodiesel.

?? Develop equipment and procedure for esterifying soybean and canola oil.

Status: July 1991-December 1992.

Accomplishments: Esterified soybean oil has been successfully used as a diesel fuel
replacement in pickup trucks and agricultural tractors. Emission measurements have been
completed which indicate that esterified soybean oil (soydiesel or biodiesel) can be used in
environmentally restricted areas where diesel fuel cannot. A demonstration unit consisting of a
soydiesel-powered pickup, a gooseneck trailer, an agricultural tractor, and a portable
dynamometer have been used throughout the state to demonstrate the effectiveness of
soydiesel fuel. MFA Oil Company will begin merchandising soydiesel to farmers. This research
has been instrumental in this marketing decision.

Participants: Food Science & Engineering, University of Missouri

Sponsoring Organization(s): U.S. Department of Agriculture, Cooperative State Research,
Education, and Extension Service, Missouri

Point of Contact: Dr. Leon Schumacher, University of Missouri Columbia, 235 Agricultural
Engineering Bldg., Columbia, MO 65211, phone 573-882-2126, fax 573-884-5650, e-mail
leon schumacher@muccmail.missouri.edu.

Papers:
Frisby, J.C. and L.G. Schumacher (1992). Biodiesel Fuel. M.U. Guide G1990.
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Project Title:

Use of Seed-Based Lubricants as a Replacement for Petroleum Oll

Background: AARC, a wholly owned government corporation of USDA, is a venture capital firm
that makes investments in companies to help commercialize bio-based industrial products (non-
food, non-feed) from agricultural, forestry materials, and animal by-products. AARC has
assisted a company, Agro Management Group, Incorporated.

Objective: To test the uses of seed-based lubricants, such as canola-based oils, in small
engines and in automobiles as a complete replacement for petroleum-derived oils.

Status: Ongoing development effort.

Accomplishments:

?? BIO 25/30, is a new crankcase oil, which has been designed to operate in four-cycle engines
such as lawn mowers, pumps, generators, and automobiles.

?? Results of preliminary testing show reduced engine operating temperature, reduced oil
consumption, and reduced engine wear compared to conventional petroleum oils. The use of
this product would reduce the environmental hazard associated with the disposal of waste
petroleum.

?? A small engine manufacturer, Briggs and Stratton, is cooperating with Agro Management to
test the use of the canola-based oils in its small engines.

Participants: Agro Management Group, Inc.

Sponsoring Organization(s): Alternative Agricultural Research and Commercialization
Corporation, U.S. Department of Agriculture

Point of Contact: Ron Buckhalt, U.S. Department of Agriculture/AARC, 14th and Independence
Avenue, S.W., Room 0156, South Building, Washington, D.C. 20250-0400, phone 202.690.1633;
Jim Lambert, Agro Management Group, Inc., 1127 W. Colorado Avenue, Colorado Springs, CO
80904, phone 719.520.9931.

Papers:
Source Book 1997. Alternative Agricultural Research and Commercialization Corporation.

Additional Information:
AARC Home Page: http://www.usda.gov/aarc.
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D. Stability & Storage

Also see the following projects:

Transportation and Handling of Biodiesel and Biodiesel Blends

Materials Compatibility, Fuel Blend Characteristics, Engine Dynamometer Evaluation

Third Workshop: Commercialization of Biodiesel: Producing a Quality Fuel
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Project Title:

Biodiesel Blends in lowa Underground Storage Tanks

Background: In order to be able to provide a supply of biodiesel for IDOT vehicles, it must be
determined that biodiesel is viable option for fuel and that storage of biodiesel is not a problem.

Objectives:

?? The biodiesel will be tested after storage to determine whether there have been any
detrimental effects to the fuel quality.

?? Tests will be performed periodically to evaluate biodiesel’s storage durability.

?? The project will determined the best location for biodiesel storage and handling.

Status: November 1996-November 1997.

Accomplishments:

?? Nineteen locations have USTs storing biodiesel for evaluation in state owned facilities at a
5% biodiesel blend.

?? The fuel was made available for use in IDOT vehicles and shops.

Participants: lowa Department of Transportation

Sponsoring Organization(s): The State of lowa and lowa Department of Transportation

Point of Contact: Kevon Jones, IDOT, 800 Lincoln Way Ames, IA 50010, phone 515.239.1670,
fax 515.239.1658

Paper: None available at this time, but one is expected once the project is complete.
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Project Title:

City of Boston, Massachusetts Garage Retrofit with Biodiesel Tanks

Background: The project was designed to determine how buses fueled by biodiesel operate
and evaluate biodiesel and biodiesel blends storage stability during the course of a year.

Objectives:

?? Provide evidence that biodiesel can be stored with diesel and operate with diesel fuel; and
the study itself aims to show the ease of the conversion process and blending.

?? Provide an example of how to effectively retrofit tanks with biodiesel and how storage affects
the biodiesel fuel.

Status: Ongoing

Accomplishments:
?? The SATA retrofitted its garages with storage tanks.
?? The MBTA brought in biodiesel fuel tanks for two garages.

Participants: City of Boston, Massachusetts Bay Transit Authority, State Agency Transit
Authority

Sponsoring Organization(s): Massachusetts Bay Transit Authority, State Agency Transit
Authority

Point of Contact: Andrew Brennen, State Agency Transit Authority, phone 617.222.3126
Irving Sacks, Division of Energy Resources, 100 Cambridge Street, 15th Floor Boston, MA
02202, phone 617.727.4732, ext. 131, fax 617.727.0030.

Paper: None available at this time.
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Project Title:

Long Term Storage

Background: The stability of biodiesel during extended periods is relatively undocumented.
This project was crafted to better understand the fuel shelf life.

Objectives:

?? Determine the stability of biodiesel and biodiesel/petrodiesel blends over an extended storage
period with differing petrodiesels.

?? Evaluate the efficacy of stabilizing additives in extending their storage life.

?? Evaluate the impasse of the presence of various metals.

Status: Project is due for completion in December 1997.

Accomplishments: Selection of the additives, metals, and petrodiesels has been accomplished
and the testing is now complete. A final report is pending review.

Participants: BDM and NIPER
Sponsoring Organization(s): lllinois Soybean Checkoff Board and NBB

Point of Contact: Ms. Bev Thessen, National Biodiesel Board, P.O. Box 104898, Jefferson City,
MO, 65110-4898, phone 573.635.3893, fax 573.635.7913, e-mail biodiesel@sockets.net.

Paper: None available at this time.
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Project Title:

Thermal and Oxidative Stability

Background: The oxidation and thermal stability of conventional petroleum diesel is being
investigated as a potential source of storage, fuel system, and engine problems. The recent
introduction of low-sulfur diesel fuel is believed to exacerbate the situation. This project is
designed to quantify the oxidation and thermal stability of biodiesel and biodiesel blends using
SAE or ASTM approved procedures and to determine whether these tests will present an
accurate description of biodiesel’s performance in the field.

Objectives:

?? Quantify the oxidation and thermal stability of biodiesel and biodiesel blends with petroleum
based diesel fuels using the SAE and/or ASTM procedures.

?? Evaluate the effectiveness of several stability enhancing additive combinations.

?7? Determine the likely validity of the petroleum-based analytical procedures in predicting
biodiesel performance.

Status: August 1, 1995-March 31, 1997

Accomplishments:

?? This project investigated several facets of biodiesel stability and presented a summary of
past research concerning diesel fuels stability.

?? The results of this project provide information regarding which instruments can be used to
further evaluate the stability of biodiesel and additive efficacies.

?? Biodiesel oxidized faster than petrodiesel but did not form color bodies associated with diesel
fuel oxidation. Biodiesel also formed slightly more sediment over time in storage than the
petrodiesel used for the testing.

?? The efficacies of petroleum additives and a food-grade stabilizer yielded the most reduction
of sediment over time in storage.

?? Further research is needed on the testing methods when analyzing biodiesel stability and
their correlation to field performance.

Participants: National Biodiesel Board and System Lab Services, a Williams Pipeline Company
Sponsoring Organization(s): National Biodiesel Board and United Soybean Board

Point of Contact: Ms. Bev Thessen, National Biodiesel Board, P.O. Box 104898, Jefferson
City, MO, 65110-4898, phone 573.635.3893, fax 573.635.7913, e-mail biodiesel@sockets.net.

Paper:
Thermal and Oxidative Stability of Biodiesel, National Biodiesel Board, Jefferson City, MO
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Project Title:

Two-Year Storage Study with Methyl and Ethyl Esters of Rapeseed

Background: Biodiesel is gaining recognition as a renewable alternative to diesel fuel. One
step to realizing commercial biodiesel is how well it stores and what effect storing for long
periods has on the performance of the fuel. The problems of fuel deterioration with biodiesel
during storage are more severe than for commercial diesel fuel. Although vegetable oils contain
natural antioxidants, their high degree of unsaturation makes them susceptible to gum formation.
Because fuel deterioration occurs mainly by oxidative polymerization, leading to gum formations,
one purpose of this study was to determine the rate of oxidative polymerization for different fatty
acid esters prepared from rapeseed, as affected by container types, and environments. Another
purpose of this study was to use short-term engine coking and torque test procedure to
determine whether the presence of the oxidation products affected the engine performance.

Objectives:

?? Produce RME and REE and characterize their properties according to ASAE EP552.

?? Store triplicate sets of vented glass and vented steel containers of RME and REE in
flammable solvent storage cabinets at inside and outside ambient temperatures.

?? Analyze fuel properties from each storage container every 3 months for a 24-month period
and compare with the initial values.

?? Compare 2-year stored RME and REE in short-term engine performance tests with new
RME, REE, and diesel fuel.

Status: Completed

Accomplishments:

?? No effect was found for container type; test values compare very close for metal and glass
containers.

?? For both fuels the peroxide and acid values, density, and viscosity tended to increase over
time. The heat of combustion, on the other hand, tended to decrease slightly over time.

?? The short-term engine tests, including torque, power, fuel economy, and coking tests
showed very small amounts of change between the stored fuels and the new fuels.

Participants: University of Idaho
Sponsoring Organization(s): University of Idaho

Point of Contact: J.C. Thompson, Engineering Technician, Department of Biological and
Agricultural Engineering, University of Idaho, Moscow, ID 83844-2060.

Paper(s):

Thompson, J. C.; Peterson, C. L.; Reece, D. L.; Beck, S.M. (1996) “Two Year Storage Study
with Methyl and Ethyl Esters of Rapeseed” Proceedings of the Third Liquid Fuels Conference,
September 15-17, Nashville, TN. Liquid Fuels and Industrial Products from Renewable
Resources, pp. 104-114.
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E. Biodegradation & Toxicity

Also see the following projects:

Alternative Fuels and Lubricants from Rapeseed
Ethyl Ester Process Scale-Up and Biodegradability of Biodiesel

Expanded Rapeseed Ethyl Ester (REE) Demonstration and Testing, and Cooperative
Development of Hydrogenated Soy Ethyl Ester (HySEE) Biodiesel

Rapeseed Oil as a Fuel for Agriculture

Second Workshop: Commercialization of Biodiesel, Environmental and Health Benefits
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Project Title:

Acute Dermal Toxicity Study of 100% RME in Albino Rabbits

Background: All motor fuels and chemicals that have exposure to the general public must
undergo considerable safety and handling tests. This project was one of many tests and
evaluations necessary for biodiesel to pass stringent federal standards.

Objectives:

?? To determine the median lethal dose, evaluate potential systemic toxicity, and evaluate the
local irritation of the test material when applied to the skin of albino rabbits.

?? The project involved testing on five males and five females between 2309 and 2598 grams of
biodiesel ointment.

Status: January 1996

Accomplishments:

?? There were no deaths, test material-related clinical findings, body weight changes, or gross
necropsy findings.

?? The 2,000 mg/kg dose level was found to be a “no observable effect level” for systemic
toxicity under the conditions of this study.

Participants: University of Idaho, Agricultural Engineering Department, WIL Research
Laboratories, Inc.

Sponsoring Organization(s): University of Idaho, Agricultural Engineering Department

Point of Contact: Bennett Varsho, WIL Research Laboratories, Inc.; 1407 George Road,
Ashland OH 44805-9281, phone 419.289.8700, fax 419.289.3650.

Paper:

Varsho, B.J. (1996). Acute Dermal Toxicity Study of 100% RME in Albino Rabbits. WIL
275008. Ashland, OH: WIL Research Laboratories, Inc.
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Project Title:

Biodegradability and Toxicity of Biodiesel Fuels

Background: The primary goals of this program are the thorough documentation of the
biodegradability and toxicity of a number of biodiesel fuels and blends.

Objectives:

?7? Determine the biodegradability of RME, ethyl soyate, NR, and diesel fuel.

?? Investigate the co-metabolism of REE and methyl soyate to improve the biodegradability of
diesel fuel spill.

?? Coordinate toxicology studies for methyl soyate and RME, specifically exposing fathead
minnows to REE.

?7? Develop a process for REE comparable to RME and (a) improve the percentage that is
transesterified; (b) improve the PP; and (c) complete a 2-year storability study.

Status: Project completed.
Accomplishments: Will be detailed in final project report.

Participants: University of Idaho, U.S. Department of Agriculture-Cooperative State Research,
Education, and Extension Service

Sponsoring Organization(s): U.S. Department of Agriculture-Cooperative State Research,
Education, and Extension Service

Point of Contact: Charles L. Peterson, Department of Agricultural Engineering, University of
Idaho, Moscow, ID 83844; phone 208.885.7906, fax 208.885.8923, e-mail
peterson@novell.uidaho.edu.

Papers: None available at this time.
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Project Title:

Biodegradability of Biodiesel in the Aquatic Environment

Background: As biodiesel fuels are becoming commercialized, their fate in the environment is
an area of concern because petroleum spills constitute a major source of contamination of the
ecosystem. Among these concerns, water quality is one of the most important issues for living
systems. Although biodiesel consists of mainly fatty acids, it is not desirable if it accumulates in
the waterways. Grease makes up to 23%-52% of the total organic fraction in sewage.
Therefore, it is important to examine the biodegradability of biodiesel fuels and their
biodegradation rates in natural waterways in case they enter the aquatic environment in the
course of their use or disposal.

Objectives:

?? Examine the biodegradation pattern in the REE/diesel blend.

?? Test the biodegradability of various biodiesel fuels and diesel fuel.

?? Investigate the biodegradation rates for REE and compare them with those for the diesel in
the aquatic environment by carbon dioxide evolution method and calibrated the results by GC
analysis.

Status: June 1995

Accomplishments:

?? All the biodiesel fuels are “readily biodegradable” compounds according to EPA standards
and have a relatively high biodegradation rate in the aquatic environment

?? Biodiesel can promote and speed up the biodegradation of diesel. The more biodiesel
present in a biodiesel/diesel mixture, the faster the degradation rate.

?? The mineralization rate for a compound determined from CO, evolution is much slower than
its primary degradation rate from GC, but the results have good correlation. It is possible to
use the CO, evolution method to estimate the biodegradation rate for an organic compound
and it is economical and environmentally safe.

Participants: University of Idaho
Sponsoring Organization(s): U.S. Department of Agriculture-Cooperative State Research,

Education, and Extension Service

Point of Contact: Dr. Charles Peterson, Department of Agricultural Engineering, University of
Idaho, Moscow, Idaho 83844, phone 208.885.7906, fax 208.885.8923, e-mail
peterson@novell.uidaho.edu.

Paper(s):

Zhang, X.; Peterson, C.L.; Reece, D.; Moller, G.; Haws, R. (1995). “Biodegradability of Biodiesel
in the Aquatic Environment.” ASAE Annual Internation Meeting; June 18-23, Chicago, IL. ASAE
956742. St. Joseph, MI: American Society of Automotive Engineers, pp. 1-14.
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Project Title:

Biodegradation of Synthetic Diesel

Background: This program involves the extension of methodologies for evaluating oil spill
protocols for conventional petroleum products to the special case of biodiesel. The biodiesel
and biodiesel blends will be tested under oxic and anoxic conditions in three environments:
marine, freshwater, and soil microcosms. The disappearance of the biodiesel materials will be
monitored using protocols previously developed for determining the effects of bioremediation
agents on petroleum products. The rates of degradation will followed by loss of target
compounds and by following oxygen uptake and/or by carbon dioxide evolution. GC/MS will be
used to measure material decomposition.

Objectives:

?? Develop a methodology to evaluate the biodegradability of biodiesel materials in oil spill
environments.

Determine biodegradability under varying environmental conditions of microcosms, e.g.,
aerobic and anaerobic.

Develop methodologies to assess the biodegradability of biodiesel.

Characterize marine and sulfate-reducing bacterial isolates that degrade biodiesel.
Screen new bacterial isolates for the degradation of both biodiesel and petroleum diesel.
Determine biological and chemical dynamics for biodiesel blends.

Investigate biodiesel degradation and biodiversity in storage tanks.

N

NENENENEN

Status: September 1993-August 1996.

Accomplishments:

?? Completed the characterization of the aerobic and anaerobic biodiesel degrading species
isolated from fresh water.

?? Tested sulfur compounds (e.g., sulfate, sulfite, and thiosulfate) as alternative electron
acceptors for anaerobic degradation.

?? Began studies on the characterization of the biodegradation pathway and initiated studies on
dynamics of biodiesel blends.

?? Tested sulfate, thiosulfate, and sulfite as alternative electron acceptors in the anaerobic
degradation of biodiesel.

?? It appears that sulfate, sulfite, or thiosulfate cannot be used as a terminal electron acceptor
when well-aerated freshwater samples were used as inoculum.

?? Sulfate and biodiesel did support growth when anoxic samples were used as inoculum and
cautions were taken not to aerate the sample.

Participants: Duguesne University

Sponsoring Organization(s): U.S. Department of Agriculture-Cooperative State Research,
Education, and Extension Service

Point of Contact: John Stolz, Department of Biological Sciences, Duquesne University,
Pittsburgh, PA 15282, phone 412.396.6333.

Papers:

Buzzell, J. and J.F. Stolz (1995). “Pseudomonas Oleovorans Is a Gamma Proteobacterium.”
Int, J. System. Bac. (under revision).
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Follis, Paige, J. Buzzell, G. Floro, R. Donofrio, W. M. Griffin, and J. F. Stolz (1995). “Aerobic and
Anaerobic Biodegradation of the Methyl Esterified Fatty Acids of Soy Diesel in Freshwater and
Soil Environments.” Appl. Environ. Microbiol.

Additional Information: CRIS Accession No.: 9163215
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Project Title:

Toxicity of Particulate and Semi-Volatile Emissions from SME and Biodiesel Blended Fuels

Background: One group of toxicologically important compounds that may be present in diesel,
and potentially in biodiesel exhaust emissions, are PAHs and their substitute derivatives nPAHS.
Some PAH and nPAHSs are potent mutagens and carcinogens in laboratory animals and in
humans. This research may be very timely as the current suit against California refineries and
trucking associations progress, which charges that diesel exhaust emissions are a health
hazard. Previous research on RME and REE indicates that biodiesel may reduce the toxic
nature of petroleum exhaust. NREL took advantage of several ongoing engine tests to collect
data for this project.

. CIFER portion of the project: This project takes advantage of ongoing research under the
Multi-Feedstock Biodiesel Project, by placing a separate subcontract with CIFER to
perform additional research. This project is designed to add funds to CIFER to perform
the additional emissions analysis. Specifically, this project requires CIFER to include
cold transient tests, C1-C12 and aldehyde speciation, and additional particulate sample
collection for bioassay analysis while conducting research to support the Multi-Feedstock
Biodiesel Project. All biodiesel tested in this portion of the project are 20% biodiesel and
80% test diesel blends.

. NBB and Caterpillar portion of the project: NBB is working cooperatively with Caterpillar to
collect emission data from a 3406 D test engine at Caterpillar’'s Peoria, IL laboratory.
NREL will support the the University of California-Davis staff time and expenses
necessary to collect sufficient quantities of particulate and SOF emissions for bioassay
analysis. NBB and Caterpillar will be collecting speciated emission data (PAH, nPAH) to
support health effects research. Only neat SME is tested in this part of the test.

. University of California-Davis: UCD will conduct chemical analyses on the particulate and
vapor emissions from SME from the Caterpillar testing as well as conduct bioassay tests
to determine the mutagenic potential of the particular emissions. USDA will also conduct
bioassay analyses on the biodiesel blends used in the Multi-Feedstock project, which
include: yellow grease, tallow, lard, soy, and acidulated soapstocks.

Objective: To develop a body of data for submission to EPA that describes the chemical and
biological characteristics of vapor- and solid-phase particulate emissions to support the
registration of biodiesel under 40 CFR 79, Section 211 (f) "Registration of Fuels and Fuel
Additives."

Status: The project has just been initiated and will run through September 1998.

Accomplishments:

NBB and Caterpillar project:

?? The testing was completed on two Cummins 1988 L10 engines joined in tandem. The test
runs for 125 h on a cycle that alternates between driving and motoring of each engine. The
pass/fail criteria for this test are based on carbon and lacquer deposits (CRC) rating) on the
injector plunger, as well as loss specification of the complete injector.

?? Based on the results from the Cummins L10 Injector Deposit Test, the use of 20% biodiesel
blended with various petrodiesel fuels increases injector deposits. However, adding
commercially available detergency additive can reduce the deposit formation to the
equivalent level experienced with neat petrodiesel. Further testing is required to procure an
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additive that can be blended with the petrodiesel and biodiesel mixture to reduce deposits
levels to within the passing range on the L10 Injector Deposit Test.

Participants: Colorado Institute for Fuels and Engine Research, Colorado School of Mines,
National Renewable Energy Laboratory, University of California-Davis; and MARC-IV Consulting,
Inc.

Sponsoring Organization(s): U.S. Department of Energy Office of Fuels Development,
Caterpillar Inc.

Point of Contact: Dr. K. Shaine Tyson, National Renewable Energy Laboratory, 1617 Cole
Blvd., Golden, CO 80401, phone 303.275.4616, fax 303.275.4675, e-mail
tysonk@tcplink.nrel.gov.

Papers:

"Health-Related Emissions from Various Biodiesel Blends in a DDC Series 60 Engine,"
forthcoming.

"Bioassay Analysis of Biodiesel Produced from Low Value Feedstocks," forthcoming.

"Chemical and Bioassay Analysis of SME PM Emissions from a Caterpillar 3406/435 HP,"
forthcoming.
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V. Engine Data

Also see the following projects:

Multifeedstock Biodiesel Project
Technology for Efficient Use of Agricultural Resources
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Project Title:

2-Cycle Engine 200 Hour EMA Test with Hydrogenated Soy Ethyl Ester (HySEE)

Background: In adding to the body of literature on biodiesel performance, this study was
undertaken to develop data on 2-cycle engine use of HySEE as a lubricant.

Objectives: The objective of this project was to determine whether the bio-lubricant HySEE
could be used in small two-cycle engines. The University of Idaho conducted the 200-h Engine
Manufacturers Association engine test.

Status: Project completed December 31, 1995

Accomplishments: Six fuels were evaluated and a final report was produced.

Participants: University of Idaho

Sponsoring Organization(s): Pacific Northwest and Alaska Regional Biomass Energy
Program

Point of Contact: Dr. Charles L. Peterson, Department of Agricultural Engineering, University
of Idaho, Moscow, Idaho 83844; phone208.885.7906, fax 208.885.8923, e-mail
peterson@novell.uidaho.edu.

Papers:

Screening Test for Rape Ethyl Ester 2-Cycle Oils. February 15, 1996.
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Project Title:

Alternative Fuels and Lubricants from Rapeseed

Background: Production, processing, engine testing, and fuel properties will be used to
determine application of rapeseed as a potential engine fuel.

Objectives:

?? Determine problems associated with the use of RME in commercial use such as material
compatibility, storage life, handling problems, and low-temperature operation in on-road and
off-road vehicles.

?7? Develop a process of REE comparable to RME.

?? Determine performance, durability, and possible engine modifications for optimizing
efficiency of engines fueled with both REE and RME.

?? Determine the performance of the RME and REE fuels in engine injector coking tests, EMA
engine test evaluation cycles, and long-term endurance tests.

?? Investigate biodegradability, emissions, and other environmental advantages of RME and
REE in comparison to No. 2 diesel fuel.

?7? Develop criteria for RME and REE fuel standards and standard test procedures, which can
be used to ensure manufacturers of a consistent quality of rape oil-based fuels.

?? Investigate the potential of biodegradable, rape oil-based lubricants and hydraulic oils.

Status: Project initiated in January 1994 and is scheduled to be completed by January 1998.

Accomplishments:

?? The on-farm biodiesel plant expressed 22,500 kg of rapeseed in 1996 resulting in 9,710 L of
oil. More than 18,900 L of biodiesel, all but 2,000 L with ethanol, was produced, of which
6,358 L was from used oil and 6,124 L for our joint project with Yellowstone Park. Biodiesel
produced from the used hydrogenated soy oil is usable as a fuel but has a high PP, making it
a challenge for use in cold weather.

?? Tests are continuing with three of the on-road vehicles; the 1992 Ford has reached 76,985
miles, the 1994 Dodge 56,852 miles, the 1995 Dodge about 60,000 miles and the 1992
diesel vehicle operated by IDWR, completed the 100,000-mile milestone. Cummins Engine
Co. evaluated the engine which showed less deposits and the engine which showed less
deposits and wear than a similar engine operated on diesel. Two items showed some
distress. The front and rear oil seals were hardened slightly. Varnish was apparent in the
injector pump.

?? Acute oral toxicity limit tests showed that RME and REE (biodiesel) had LD50 values greater
than 5,000 mg/kg when administered once orally to albino rats and acute dermal toxicity
tests showed LD50 values greater than 2,000 mg/kg when administered once to the clipped,
intact skin of albino rabbits. The biodegradability and biodegradation rates of several
biodiesel fuels in the aquatic environment show that all biodiesel fuels are readily
biodegradable. After 28 days, all biodiesel fuels were within the range: 77%-89%
biodegraded; diesel fuel was only 18% biodegraded.

Participants: Department of Biological and Agricultural Engineering, University of Idaho

Sponsoring Organization(s): U.S. Department of Agriculture-Cooperative State Research,
Education, and Extension Service
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Point of Contact: Dr. Charles L. Peterson, Department of Agricultural Engineering, University
of Idaho, Moscow, ID 83844, phone 208.885.7906, fax 208.885.8923, e-mail
peterson@novell.uidaho.edu

Papers:

Hammond, B.L. (1996). “Performance and Durability Testing of Diesel Engines Using
Ethyl/Methyl Ester Fuels.” An unpublished MS thesis, Dept. of Biol. and Agr. Engr., University of
Idaho, Moscow, ID.

Peterson, C.L. and D.L. Reece (1996). “Emissions Characteristics of Ethyl and Methyl Ester of
Rapeseed Oil Compared with Low Sulfur Diesel Control Fuel in a Chassis Dynamometer Test of
a Pickup Truck.” Trans. of the ASAE 39(3)-805-816.

Peterson, C.L., D.L. Reece, J.C. Thompson, S.M. Beck and C. Chase (1996). “Ethyl Ester of
Rapeseed Used as a Biodiesel Fuel - A Case Study.” Biomass and Bioenergy 10(5/6):331-336.

Peterson, C.L., D.L. Reece, B.L. Hammond, J.C. Thompson and S.M. Beck (1997).
“Processing, Characterization and Performance of Eight Fuels from Lipids.” Applied Engr. in
Agr. 13(1):71-79.

Peterson, C.L. and D.L. Reece (1996). “Emissions Testing with Blends of Esters of Rapeseed
Oil Fuel with and without a Catalytic Converter.” SAE Paper No. 961114. SAE, Warrendale, PA.

Peterson, C. L.; Hammond, B. L.; Reece, D. L. (1996) “Engine Performance and Emissions with
Methyl and Ethyl Esters of Rapeseed Oil.” Proceedings of the Third Liquid Fuels Conference,
September 15-17, Nashville, TN. Liquid Fuels and Industrial Products from Renewable
Resources, pp.116-127.

Thompson, J. C.; Peterson, C. L.;, Reece, D. L.; Beck, S.M. (1996) “Two Year Storage Study
with Methyl and Ethyl Esters of Rapeseed” Proceedings of the Third Liquid Fuels Conference,
September 15-17, Nashville, TN. Liquid Fuels and Industrial Products from Renewable
Resources, pp.104-114.

Additional Information: CRIS Accession No.: 9164150
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Project Title:

Identification of Chemical Changes Occurring during the Transient Injection of Selected
Vegetable Oils

Background: A number of engine experiments indicate that vegetable oils used as fuels for
diesel engines create durability problems in many of these engines. The direct durability
problems include nozzle coking, engine deposits, and lube oil dilution. The indirect problems
include ring sticking, scuffing of the cylinder liners, injection nozzle failure, and lubricant failure
due to polymerization of the vegetable oil. Most experience indicates that the durability problems
are more severe in direct-injection engines than in the indirect-injection engines.

Objectives:

?? Determine whether the vegetable oils change chemically during the diesel type of injection
into a high-temperature, high-pressure environment of nitrogen.

?7? Determine the nature of the chemical changes, if detectable, and identify any new
compounds formed during the process.

Status: 1993

Accomplishments:

?? Major changes in the chemical makeup of vegetable oils occur during injection. These
consist of fractures of the large molecules and the formation of lower molecular weight
compounds.

?? The IR analyses indicate the presence or formation of free carboxylic acid, trans-olefins, cis-
olefins and terminal olefins.

?? The analyses of the transesterified and esterified samples indicate that the polyunsaturated
fatty acids are most affected by the injection process. It appears that the lower molecular
weight materials result from breakdown of the linoleic and linoenic acids.

?? The chemical changes that occur during the injection process could account for the
unexpected spray characteristics of the vegetable oils.

Participants: Southwest Research Institute
Sponsoring Organization(s): U.S. Department of Agriculture

Point of Contact: Thomas W. Ryan lll, Southwest Research Institute, 6220 Culebra Road, San
Antonio, TX 78238-5100, phone 210.684.5111, fax 210.522.3496.

Paper(s):

Ryan, T.W.; Bagby, M.O. (1993). “Identification of Chemical Changes Occurring during the
Transient Injection of Selected Vegetable Oils.” New Developments in Alternative Fuels and
Gasolines for Sl and CI Engines (SP-958), March 1-5, Detroit, Ml. SAE # 930933. Warrendale,
PA: Society of Automotive Engineers, pp. 201-210.
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Project Title:

Industrial Agricultural Products Center

Background: This is a broad-based project with a component on biodiesel research. Research
activity includes in the areas of starch-based plastic foams, plant protein films, and tallow and
soybean oil processing and use as biodiesel. Industrial uses of beef tallow are being assessed
along with processing technologies, ester properties, and biodiesel emissions and engine
performance.

Objectives:

?? ldentify niche markets for industrial use of agricultural-based products.

?? Improve and develop conversion processes as needed for specific product isolation and use.
?? Provide technical, marketing, and business assistance to industries.

?? Coordinate agricultural industrial materials research at the University of Nebraska-Lincoln.

Status: Project initiated in July 1993 and is scheduled to be completed by September 1998.

Accomplishments:

* A Cummins N14-410 engine was operated on 12 fuels produced by blending methyl
tallowate, methyl soyate, and fuel ethanol with No. 2 diesel fuel. Peak rates of heat release
for all fuels were less than for No. 2 diesel fuel. When methyl tallowate was blended with No.
2 diesel fuel, the shift in the location of peak heat release was away from TDC, whereas the
addition of ethanol to the blend shifted the location toward TDC. Ignition delay slightly
decreased when methyl tallowate was blended with diesel fuel. However, ignition delays
were not affected by the methyl tallowate or ethanol contents of the blends. The charge
temperature decreased with decrease in diesel content of fuel blends. The indicated mean
effective pressure and maximum rate of pressure rise values for all fuel blends were less
than for diesel fuel.

» It was concluded that the fuel blends used in this study would have no detrimental long-term
effects on engine performance, wear, and knock. Mixtures of starch (25% amylase),
ethylene glycol, and concentrated sulfuric acid were extruded in a Brabender laboratory
conical-twin-screw extruder with postextruder reactor modifications. Temperature, ethylene
glycol-starch mole ratio, and screw speed were permuted to enhance the yield of glycosides.
Optimum process conditions of 160°C, 20-rpm screw speed, and mole ratio of 3 with a static
mix and cooler gave 91% yield of glycosides.

Participants: Industrial Agricultural Products Center, University of Nebraska

Sponsoring Organization(s): U.S. Department of Agriculture-Cooperative State Research,
Education, and Extension Service

Point of Contact: Milford Hanna, Director, Industrial Agricultural Products Center, 211 LW
Chase Hall, University of Nebraska-Lincoln, Lincoln, NE 68583-0730, phone 402.472.1624.

Papers:
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Ali, Y. and Hanna, M.A. (1997) . "In-cylinder pressure characteristics of a D.l. heavy-duty diesel
engine on biodiesel fuel." SAE Technical Paper Series 971683. State of Alternative Fuel
Technologies--1997, pp. 143-151. SAE International, Warrendale, PA.

Ali, Y. and M.A. Hanna (1996). "Durability testing of diesel fuel, methyl tallowate and ethanol
blend in Cummins N14-410 engine." Trans. of the ASAE. 39 (3): 793-797.

Ali, Y., M.A. Hanna, and J.E. Borg (1996). “Effect of alternative diesel fuels on heat release
curves for Cummins N14-410 diesel engine.” Trans. of the ASAE. 39 (2): 407-414.

Ali, Y., M.A. Hanna, and J.E. Borg (1996). “In-cylinder pressure characteristics of a Cl engine
using blends of diesel fuel; and methyl esters of beef tallow.” Trans. of the ASAE 39():799-804.

Ali, Y., M.A. Hanna (1996). Durability testing of diesel fuel, methyl tallowate and ethanol blend in.
Ali, Y., M.A. Hanna, J.E. Borg (1996). Effect of alternative diesel fuels on heat release curves fo.
Ali, Y., M.A. Hanna, J.E. Borg (1996). In-cylinder pressure characteristics of a Cl engine using bl.

Bhatnagar, S. and M.A. Hanna (1996). Effect of Talc on Properties of Corn Starch Extrudates.
Starke. 48.

Ghorpade, V.M. and M.A. Hanna (1996). Mechanical Properties of Soy Protein-Polyethylene
Ribbon and Film.

Ryu, D., S.K. Katta, L. Bullerman, M.A. Hanna, and A. Gennadios (1996). Microbial Stability of
Methyl.

Subramanian, K. and M.A. Hanna (1996). Glycol glycosides synthesis by reactive extrusion with
a stat.

Additional Information: CRIS Accession No.: 9161844
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Project Title:

Monitor Biodiesel Use in Selected Tactical Vehicles at Yuma, Arizona

Background: A biodiesel fuel evaluation was performed on various U.S. Army tactical wheeled
vehicles from March 1994 through March 1995 at the U.S. Army Yuma Proving Ground. Testing
was conducted to compare vehicle system performance when the vehicles were operated with a
80%/20% JP-8/biodiesel fuel blend instead of neat (or 100%) JP-8 fuel. The vehicle types under
test included the Commercial Utility Cargo Vehicle, High Mobility Multipurpose Wheeled Vehicle,
M939A2 Series of 5-Ton Truck, Heavy Expanded Mobility Tactical Truck and the M915A2 Truck-
Tractor.

Objective: To collect data and evaluate the relative performance of a 80/20 JP-8/biodiesel
blend fuel mixture compared to neat-JP-8 and DF-2 fuels in different wheeled vehicle systems.

Status: Program was funded in FY 1993 and completed in FY 1995.

Accomplishments:

?? Preliminary vehicle testing at Yuma Proving Ground has been completed.

?? Research found that biodiesel in a 20% blend with JP-8 reduces emissions and enhances
acceleration.

Participants: U.S. Army Tank - Automotive and Armaments Command

Sponsoring Organization(s): U.S. Department of Agriculture-Cooperative State Research,
Education, and Extension Service

Point of Contact: Carmela Bailey, USDA-CSREES, 910 D. Street, SW, Aerospace Bldg. 8th
Floor, Washington DC, phone 202.401.6443

Papers:

Lucas, W. Materiel Test Directorate. U.S. Army Yuma Proving Ground, Yuma, Arizona.
“Summary Test Report for the Biodiesel Fuel Evaluation for the U.S. Army Tactical Wheeled
Vehicles, Volume | of Series.” Prepared for the U.S. Army Tank-Automotive and Armaments
Command , Warren, Ml and U.S. Army Test and Evaluation Command, Aberdeen Proving
Ground, MD. May 1995. TECOM Project No. 1-EG-095-000-028.
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Project Title:

Power, Emissions, and Bioresponse of Biodiesel in a Marine Environment

Background: The use of biodiesel in an unmodified, commercially available marine diesel
engine was tested under dynamometer-controlled load conditions.

Objective: To contrast engine performance and potential effect on the environment when the
engine was fueled with 100% SME (biodiesel) versus 100 No. 2 petroleum diesel (petrodiesel).

Status: Completed

Accomplishments:

?? The four-cylinder, turbocharged, intercooled direct-injection diesel engine produced from 2%
to 7% less power when fueled with biodiesel.

?? The production of CO was significantly reduced and soot was reduced by using biodiesel.

?? Biodiesel produced greater power than petrodiesel when the engine was operated at full
throttle at speeds less than 2650 rpm.

?? Dosed water with biodiesel exhaust at 50% engine load setting resulted in “no-detect” in
PAHSs.

Participants: University of Tennessee

Sponsoring Organization(s): NBB, Tennessee Agricultural Experiment Station, and Volvo-
Penta

Point of Contact: Ms. Bev Thessen, National Biodiesel Board, P.O. Box 104898, Jefferson City,
MO, 65110-4898, phone 573.635.3893, fax 573.635.7913, e-mail biodiesel@sockets.net.

Paper(s):

Womac, A. R.; Stange, R, J.; Crouch, J. A.; Easterly, C. (1996) “ Power Emissions, and
Bioresponse of Biodiesel in a Marine Environment”. Proceedings of the Third Liquid Fuels
Conference, September 15-17, Nashville, TN. Liquid Fuels and Industrial Products from
Renewable Resources, pp.177-190.
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A. Emissions

Also see the following projects:

Biodiesel Fuels--Vegetable Oil/Alcohol Blends

Biomass-Derived Alternatives in High Performance Snowmobile Engines: A Snowmobile in the
Park

Bi-State Development Agency Alternative Fuel Bus Testing of 10 Buses
Clean Air Partners--Biodiesel Water Shuttles at Logan Airport
Demonstrate and Promote Biodiesel as a Transportation Fuel
Demonstrate Biodiesel in Commuter Trains and Buses

Developing Yellow Mustard (Sinapis Alba L.) Cultivators Suitable for Biodiesel Production in the
United States

Development of Rapeseed Biodiesel for Use in High-Speed Diesel Engines

Expanded Rapeseed Ethyl Ester (REE) Demonstration and Testing, and Cooperative
Development of Hydrogenated Soy Ethyl Ester (HySEE) Biodiesel

Over-the-Road Heavy-Duty Diesel Engine Operational Demonstration

Rapeseed Oil as a Fuel for Agriculture

Second Workshop: Commercialization of Biodiesel, Environmental and Health Benefits
Twin Cities, Minnesota Biodiesel Pickup Truck Demonstration

Use of Vegetable Oil as Fuel for Compression Ignition, Internal Combustion Engines
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Project Title:

Agricultural and Rural Transportation Systems

Background: There is a small component on biodiesel in this project although the project's
main focus is on examining structural changes in the U.S. grain transportation and marketing
infrastructure.

Objective: The project’s objective related to biodiesel was to evaluate the practicality and
economic potential for using biodiesel fuelsto reduce particulate levels in mines to meet new
EPA and OSHA standards.

Status: Project initiated in October 1994 and scheduled to be completed by September 1997.

Accomplishments:

?? Completed joint project with the University of Minnesota Center for Biodiesel Research
evaluating the practicality and economic potential for using biodiesel fuels to reduce
particulate levels in mines to meet new EPA and OSHA standards. Blends of 0%, 30%,
70%, and 100% biodiesel and regular diesel were compared to systems using catalytic
converters and/or filters for lifetime net present value and annual variable costs to meet
various PM levels in two model mines.

?? Although technically feasible, we found that at current levels of more than $3.00/gal, biodiesel
fuel is not economical. However, at costs of less than $2.50, biodiesel would be considered
by coal mines and by metal mines if less than $2.00.

Participants: Applied Economics, University of Minnesota

Sponsoring Organization(s): Applied Economics, University of Minnesota, U.S. Department of
Agriculture-Cooperative State Research, Education, and Extension Service

Point of Contact: J.E. Fruin, Applied Economics, University of Minnesota, St. Paul, MN 55108,
phone 612.625.8720.

Papers:
Fruin, J. E. “The Transportation Industry in Rural America.” In press, The Encyclopedia of Rural
America.

Fruin, J. and D. Halbach (1996). “The Influence of Rural Road Quality on Vehicle Fuel
Consumption.” 1996 Semisesquicentennial Transportation Conference, May 13-14, lowa State
University Center for Transportation Research and Education.

Additional Information: CRIS Accession No.: 9164964
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Project Title:

Biodiesel Blends in a DDC Series 60 Engine at High Altitude

Background: Not available.

Objective: To examine regulated emissions for neat soy-based biodiesel with commercial No.
2 diesel fuel using a 1991 model DDC Series 60 heavy-duty diesel engine.

Status: July 1994-August 1994

Accomplishments:

?? Thirty-one transient tests were conducted on both fuels. The diesel reference fuel was
tested before and after each blend to permit corrections for engine drift. One cold and three
hot runs were made for each fuel. Cold, hot, and composite regulated emissions were
reported.

?? Biodiesel significantly decreased HC, CO, and particulate emissions, but increased NOx
emissions.

?? The data were analyzed to predict blend-diesel modifications necessary to produce NOy
neutral blends relative to the commercial diesel.

Participants: Colorado School of Mines and National Renewable Energy Laboratory

Sponsoring Organization(s): U.S. Department of Energy Office of Heavy Vehicle
Technologies

Point of Contact: Michael Graboski, Colorado School of Mines, Colorado Institute for Fuels and
Engine Research, Golden, CO 80401, phone 303.273.3246 or 303.299.3143, fax 303.299.3142.

Papers:
Graboski, M.S. (1994). Emissions from Biodiesel Blends and Neat Biodiesel from a 1991 Model
Series 60 Engine Operating at High Altitude.

Graboski, M.S., J.D. Ross, R.L. McCormick, and B.K. Bailey (1994). Transient Emissions from

No. 2 Diesel and Biodiesel Blends in a DDC Series 650 Engine. In preparation, to be submitted
to SAE.
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Project Title:

Bioblended Fuel for Use in Light-Duty Compression Ignition Engines

Background: The intention for this project was to develop baseline performance information on
biodiesel use in this type of engine.

Objectives: Examine the blending of biodiesel fuel with ethanol to form a bioblended fuel for
use in light-duty compression ignition engines. The project examined engine/fuel performance in
the areas of emissions, fuel economy, driveability, durability, and cost of operation. Primary
testing was done on an engine dynamometer. The secondary testing was involved the use of a
chassis dynamometer where a research vehicle was evaluated using the bioblended fuel.
Depending on how the first two phases looked, road testing for driveability, durability, and fuel
economy made up the final phase of the research.

Status: FY 1995-FY 1996

Accomplishments:

?? The contractors found general improvement in the emissions with blends of biodiesel and
ethanol compared with petroleum-based diesel. Levels of HC emissions were lower with
blends of biodiesel, especially during open throttle conditions. 100% biodiesel yielded a
71.4% drop in HC emissions.

?7? Levels of NO, emissions generally increased with increased concentrations of biodiesel
when blended with No. 2 diesel; however, as the concentration of ethanol in the mix
increased, the levels of NO, decreased.

?? Particulate emissions were reduced by 81% over No. 2 diesel with a blend of 15% ethanol
and 85% biodiesel.

?? In addition, no compatibility problems were identified with fuel system components at any
concentration of biodiesel, of ethanol. However, some cold start problems and reduced fuel
economy were identified.

Participants: Mankato State University
Sponsoring Organization(s): Great Lakes Regional Biomass Energy Program

Point of Contact: Drs. Bruce Jones & Kirk Ready, Mankato State University, P.O. Box 8400,
Mankato, MN 56002-8400, phone 507.389.6700.

Papers:
Draft Report: Bioblended Fuel for Use in Light-Duty Compression Ignition Engines.
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Biodiesel Research Progress: 1992-1997

Project Title:

Biodiesel Steamboat Test on the Ohio River

Background: The purpose of this study is to test the operational and emissions levels of a
cleaner fuel on the Ohio River.

Objective: To develop and test a biodiesel steamboat operating under normal conditions on the
Ohio River with help from PUC of Ohio and the University of Cincinnati.

Status: September 1995-November 1995.

Accomplishments:

?? A steamboat operating on diesel, a 50/50 biodiesel/diesel blend and 100% biodiesel was
tested.

?? The steamboat was measured for CO and particulates while operating under loaded
conditions.

Participants: Public Utilities Company and University of Cincinnati

Sponsoring Organization(s): Public Utilities Company, University of Cincinnati

Point of Contact: Bill Manz, Public Utilities Commission, 77 S. High Street, 26th Floor
Columbus, OH 43215, phone 614.466.7429; Claude Eggleton, Public Utilities Commission,
phone 614.466.7707, e-mail claude.w.eggleton@ohio.gov; Carl Tucker, Public Utilities
Commission, phone 614.752.9838; Dan Durbin, University of Cincinnati, 5559 Foxrun Court,
Cincinnati, OH 45239, phone 513.542.0795, e-mail daniel.durbin@uc.

Paper: Two videos and report to be released in the summer of 1997.
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Biodiesel Research Progress: 1992-1997

Project Title:

Biodiesel Use in Underground Metal and Non-Metal Mines

Background: As a result of the OPEC crisis, a significant amount of research on biodiesel and
other domestically produced fuel was conducted by universities and government agencies. The
general conclusion at that time was that biodiesel was a technically acceptable substitute,
replacement, or blending stock for conventional petroleum diesel, but that its costs were
prohibitive compared to petroleum-based diesel fuel. Concern about the health impacts of diesel
fuel exhaust and proposed regulations has spurred the recent activities to commercialize
biodiesel in North America and opened doors for its use in confined areas such as underground
mines.

Objective: To outline the benefits and costs of biodiesel use in underground mines.
Status: May 1997

Accomplishments:

?? The use of biodiesel in underground mines is an easily implemented control strategy, which

has been demonstrated to reduce diesel PM and other diesel emissions.

Biodiesel significantly reduces the Ames mutagenicity of diesel particulates.

Biodiesel complements diesel and aftertreatment technologies and can be used as a stand-

alone strategy or in combination with these future technologies.

?? Biodiesel use provides other benefits to society such as reducing CO,, reducing
dependence on foreign petroleum, and creating domestic manufacturing jobs.

7
7

Participants: MARC-IV Consulting, Inc
Sponsoring Organization(s): MARC-IV Consulting, Inc, Consulting

Point of Contact: Alan Weber, MARC-1V Consulting Inc., 402 Oak Street, Ashland, MO 65010,
phone 573.657.5537, fax 573.657.1058, e-mail aweber@marciv.com.

Paper(s):
Howell, S.; Weber, J.A. (1997). Biodiesel Use in Underground Metal and Non-Metal Mines.
Kearney, MO: MARC-IV Consulting, Inc.
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Biodiesel Research Progress: 1992-1997

Project Title:

Biofuels Research

Background: Biofuels, made from agricultural crops, have the potential for making significant
contributions toward achieving environmental, energy security, and increased demand for
agricultural commodities goals. Additional emission and engine performance data about ethanol
and ethanol blends need to be obtained and the benefits that will result from their increased use
need to be provided to representatives of the biofuels industry, engine manufacturers, and state
and federal agencies developing regulations.

Objectives:

?? Conduct emissions and engine performance tests using a range of ethanol and gasoline
blends with specific emphasis on NO and VOCs in the exhaust gases.

?? Cosponsor working conferences on ethanol and biodiesel issues.

?? Evaluate promising technologies for reducing the cost of biofuels production and provide
limited support to enhance selected technologies.

Status: December 1996

Accomplishments: Funds under this project were previously distributed to the Eastern Regional
Research Center for Biofuels Research.

Participants: U.S. Department of Agriculture-Agricultural Research Service, Eastern Regional
Research Center

Sponsoring Organization(s): U.S. Department of Agriculture-Agricultural Research Service,
Beltsville, Maryland

Point of Contact: Jill Statka, Agricultural Research Service, Eastern Regional Research
Center, 301-504-5100

Papers: None available at this time.

Additional Information: CRIS Accession No.: 9146500
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Biodiesel Research Progress: 1992-1997

Project Title:

Chemical and Biological Characterization of Emissions from a Biodiesel-Fueled Underground
Mining Diesel Engine with and without an Oxidation Catalytic Converter

Background: Very few comprehensive studies have been conducted on vegetable-based fuels,
such as methyl soyate or biodiesel fuel, on engines designed for use in underground mining
operations. Even less information is available on the impact of biodiesel fuels on toxic emissions
such as PAHs, nPAHSs, and mutagenic activity. The purpose of this study was to provide some
of the detailed emission information necessary to evaluate the impact of using a biodiesel fuel on
potentially health-related emissions from a diesel engine typical of those used in underground
mining operations.

Objectives:

?? Measure the toxic emissions, particularly PAHs, nPAHs, and mutagenic activity as well as
alkaline-equivalent HC distribution in the particle and vapor phase samples obtained from an
underground mining engine operated under transient conditions with three fuels with and
without OCCs as control devices.

?? Evaluate the effectiveness of the biodiesel fuels and control devices for potential use in the
underground mine environment.

Status: December 30, 1995

Accomplishments:

?? The amount of solid, carbonaceous component of the DPM appeared to be lower with
biodiesel fuel as compared to the diesel fuel. Use of the blend fuel typically resulted in
emissions reductions less than found with the diesel fuel.

?? Major differences between diesel and biodiesel fuels were probably due to the presence of
unburned methyl esters in the extracts of exhaust samples obtained when biodiesel fuel was
used. Use of the OCC for the 90/10 cycle decreased the magnitude of the unburned fuel
peaks.

?? Whether or not the OCC was used, lower particle-associated and vapor phase mutagenic
activity was typically found when using the biodiesel fuel than with the diesel fuel.

Participants: Michigan Technological University

Sponsoring Organization(s): Michigan Technological University, U.S. Bureau of Mines Twin
Cities Research Center

Point of Contact: Susan T. Bagley, Michigan Technological University, 1400 Townsend Drive,
Houghton, MI 49931-1295, phone 906.487.2385.

Paper(s):

Bagley, S.T.; Gratz, L.D.; Johnson, J.H. (1995). Chemical and Biological Characterization of
Emissions from a Biodiesel-Fueled Underground Mining Diesel Engine with and without an
Oxidation Catalytic Converter. Houghton, MI: Michigan Technological University. Available from
the National Biodiesel Board, Jefferson City, MO 65110.
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Biodiesel Research Progress: 1992-1997

Project Title:

Comprehensive Emissions and Chemical Characterization of Rapeseed Oil-Derived Biodiesel

Background: The Montana Department of Environmental Quality in cooperation with RBEP and
Chrysler were interested in developing data needed by potential markets and producers of
rapeseed-based ethyl or methyl esters. This interest was the genesis for this project.

Objectives:

?? Gain commercial acceptance and development of REE and RME.

?? Provide emissions and performance data from tests conducted by an industry-accepted
laboratory (of special interest are the results from toxic air emissions).

?7? Target heavy-duty diesel applications, especially environmentally sensitive applications such
as the tourism industry's buses and trucks.

Status: FY 1995-FY 1996

Accomplishments:

?? The complete biodiesel testing using a Cummins B diesel engine was completed by March
1996.

?? Completion and publication of final testing report was concluded September 1996.

Participants: The University of Idaho; Montana Department of Environmental Quality; Dodge
Truck Division of the Chrysler Corporation; Cummins Engine Company; J.R. Simplot; Koch
Agricultural Services Company; and, the University of California-Davis.

Sponsoring Organization(s): Pacific Northwest and Alaska Regional Biomass Energy
Program

Point of Contact: Howard Haines, Department of Environmental Quality, P.O. Box 200901,
Helena, MT 59620-0901, phone 406.444.6773, fax 406.444.1804, e-mail hhaines@mt.gov.

Papers:
Sharpe, C. A. (1996). Emissions and Lubricity Evaluation of Rapeseed Derived Biodiesel
Fuels.
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Biodiesel Research Progress: 1992-1997

Project Title:

DDC 6V-71N Emission Testing on Diesel & Biodiesel Blend

Background: The EPA has issued rules that require transit properties to reduce emissions on
their engines after January 1, 1995, when rebuilding or replacing them. The test is intended to
demonstrate reduction in emissions on older coach engines. If successful, a methyl soyate/
diesel blend could then be introduced into the marketplace as a means or option to comply, in
part, with the EPA rulemaking.

Objectives:

?? Demonstrate and determine whether a methyl soyate (biodiesel) blend could reduce
emissions from older engines.

?? Set up a test engine in its received condition in the EPA transient test cell and verifies engine
performance.

?? Conduct regulated gaseous and particulate EPA emissions tests on No. 2 EPA diesel fuel
and on a 20%/80% methyl soyate/No. 2 EPA diesel blend.

?? Compile, document, and summarize the results for NBB.

Status: July 12, 1994

Accomplishments:

?? The results of the testing indicate that the use of a 20%/80 % ble